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FOREWORD 


This  report  describes  a  computer  program  developed  at  the  Douglas  Air¬ 
craft  Division  of  the  McDonnell  Douglas  Corporation,  Long  Beach,  Cali¬ 
fornia.  The  development  of  the  Douglas  Hypersonic  Arbitrary- Body  Aero¬ 
dynamic  Computer  Program  was  started  in  1964  and  greatly  expanded  in 
subsequent  years  under  sponsorship  of  the  Douglas  Independent  Research 
and  Development  Program  (IRAD).  From  August  1966  to  May  1967  the 
program  development  was  continued  under  Air  Force  Contract  No.  F3361567 
C  1008.  This  contract  was  administered  under  the  direction  of  the  Aero¬ 
nautical  Systems  Division,  Directorate  of  Analysis,  Wright-Patterson  Air 
Force  Base,  Ohio,  by  Mr.  R.  K.  Mills,  Project  Engineer  (A^BED-30L 
The  product  of  this  work  was  the  Mark  II  version  of  the  program  as  released 
for  use  by  government  agencies  in  May  1967.  The  latest  version  of  the 
program  as  presented  in  this  report  (the  Mark  HI  version)  is  an  extensively 
revised  version  of  the  earlier  Mark  U  program.  This  version  has  been 
prepared  as  a  result  of  both  1967-68  Douglas  IRAD  work  and  another  Air 
Force  contract  (F33615  67  C  1602).  This  contract  was  administered  by  the 
Air  Force  Flight  Dynamics  Laboratory,  Flight  Mechanics  Division,  Gas 
Dynamics  Branch,  Mr.  Valentine  Dahlem,  Project  Engineer  (FDMG). 

At  the  Douglas  Aircraft  Division,  this  work  was  conducted  tinder  the 
direction  of  Mr.  A.  E.  Gentry  as  Principal  Investigator.  A  number  of 
people  contributed  to  the  various  phases  of  this  work  for  which  the  author 
is  grateful.  Mr.  D.  N.  Smyth  provided  valuable  consulting  services  in 
many  phases  of  this  work  and  prepared  the  new  skin  friction  techniques 
incorporated  in  the  Mark  III  version.  Mr.  W.  R.  Oliver's  work  in  applying 
the  various  versions  of  this  program  to  practical  design  problems  con¬ 
tributed  both  in  program  design  and  in  program  validation.  Others  partici¬ 
pating  in  this  work  include  Messrs.  G.  D.  Buell,  J.  L.  Lundry,  N.  F. 
Wasson,  and  B.  G.  Wilson. 

Special  appreciation  is  extended  to  the  various  users  of  the  earlier  versions 
of  this  program  for  their  valuable  suggestions  in  a  number  of  areas  and  for 
their  efforts  in  adapting  and  running  earlier  versions  of  the  program  on  the 
different  types  of  computers.  These  include  Messrs.  Fred  White,  Jr.  (Air 
Force  ASBFD-30),  Don  Shereda  (Air  Force  FDMG),  Ralph  Carmichael  and 
Charles  Castolano  (NASA  Ames),  C.  L.  W.  Edwards  (NASA  Langley), 

Ralph  Grahm  (NASA  Houston),  Ray  E.  Aley  (Lockheed  Electronics  Co. , 
Houston),  and  R.  E.  Finch,  A.  W.  Marziane,  and  J.  H.  Kainer  (Aerospace 
Corp. ). 


This  computer  program  and  documentation  report  was  released  for  general 
use  by  the  author  and  by  the  Guidance  and  Control  Section,  ASBED-30, 
Wright-Patterson  Air  Force  Base,  in  April  1968.  This  program  and  report 
are  provided  in  the  interest  of  information  exchange.  Responsibility  for 
the  contents  rests  with  the  author  or  organization  that  prepared  it. 

The  distribution  of  computer  program  decks  for  the  Mark  III  version  Is 
handled  by  the  author. 
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ABSTRACT 


x 

This  report  describes  a  digital  computer  program  system  that  is  capable 
of  calculating  the  hypersonic  aerodynamic  characteristics  of  complex 
three-dimensional  shapes.  The  outstanding  features  of  this  program  are 
its  flexibility  in  covering  a  very  wide  variety  of  problems  and  the  multitude 
of  program  options  available.  The  program  is  a  combination  of  techniques 
and  capabilities  necessary  in  performing  a  complete  aerodynamic  analysis 
of  hypersonic  shapes.  These  include  vehicle  geometry  generation  and 
description,  visual  graphics  necessary  in  handling  geometry  data  and  in 
preparing  plots  of  the  final  aerodynamic  data,  aerodynamic  calculations 
of  surface  pressures  and  skin  friction  forces,  and  the  integration  of  these 
forces  to  give  all  aerodynamic  coefficients  and  stability  derivatives. \ 

The  geometric  description  techniques  in  this  program  provide  the  Capability 
of  handling  completely  arbitrary  three-dimensional  shapes.  The  procedure 
developed  to  check  the  accuracy  of  the  geometric  data  uses  a  computer  and 
automatic  recorder  to  draw  pictures  of  the  vehicle  viewed  from  any  angle. 


The  pressure  calculation  methods  provided  within  the  program  include 
modified  Newtonian,  blunt-body  Newtonian-Prandtl-Meyer,  tangent-wedge, 
tangent-cone,  shock- expansion,  Prandtl- Meyer  expansion,  blast  wave, 
modified  tangent-cone,  boundary -layer  induced  pressures,  free -molecular 
flow,  and  a  number  of  empirical  relationships.  The  pressure  calculation 
method  most  suitable  for  each  component  of  the  vehicle  is  specified  by  the 
aerodynamicist.  Viscous  forces  are  also  calculated  and  include  viscous - 
inviscid  interaction  effects.  Skin  friction  options  include  the  Reference 
Temperature  and  the  Reference  Enthalpy  methods  (for  both  laminar  and 
turbulent  flow),  the  Spalding -Chi  meth<kl  (turbulent),  and  a  special  blunt 
body  skin  friction  method.  Control  surface  deflection  pressures,  including 
separation  effects  that  may  be  caused  by  the  deflected  surface,  are  also 
calculated. 


The  program  has  been  used  to  study  a  wide  variety  of  hypersonic  vehicle 
shapes  including  hypersonic  cruise  aircraft,  air-breathing  booster  air¬ 
craft,  blunt  lifting  reentry  bodies,  high  L/D  reentry  vehicles,  blunt 
reentry  capsules,  rocket  boosters,  reentry  warheads,  and  satellite  shapes.  ( j 

A 

The  program  is  documented  in  two  volumes.  Volume  I  is  primarily  a 
User's  Manual,  and  Volume  II  contains  the  Program  Formulation  and 
Listings. 
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SECTION  1 
INTRODUCTION 

The  program  described  in  this  manual  is  identified  as  the  Mark  III  version 
of  the  Douglas  Hypersonic  Arbitrary-Body  Aerodyn-  nic  Computer  Program. 
This  computer  program  consists  of  several  major  ^  ogram  components  con¬ 
trolled  by  an  executive  main  program.  The  program  components  are  de¬ 
signed  to  provide  the  user  with  a  complete  geometric  description  of  a  vehicle 
shape  in  a  form  useful  to  the  computer,  picture-drawing  techniques  to  permit 
the  rapid  checking  and  verification  of  the  geometry,  force-analysis  techniques 
for  calculating  the  aerodynamic  characteristics,  and  finally,  graphical  auto¬ 
matic  plotting  of  the  characteristics.  Together,  these  components  provide 
the  necessary  capabilities  for  performing  all  of  the  tasks  required  in  the 
preliminary-design  aerodynamic  analyses  of  hypersonic  shapes.  The  pro¬ 
gram  is  written  in  FORTRAN  for  use  on  such  computers  as  the  IBM  360/65, 
IBM  7094,  and  the  UNIVAC  1108.  The  program  contains  graphics  capabil¬ 
ities  requiring  use  of  the  SC-4020  Automatic  Recorder. 

The  solution  of  a  problem  starts  with  the  preparation  of  the  geometry  data. 

The  vehicle  shape  data  are  prepared  completely  independent  of  the  pressure 
calculations.  This  provides  complete  flexibility  in  geometry  description, 
yet  provides  for  a  proper  re -combination  of  the  geometry  data  and  the  pres¬ 
sure  computation  method  for  calculation  of  the  aerodynamic  characteristics. 

A  shape  is  normally  described  on  a  component  build-up  basis  to  facilitate 
the  use  of  differ  nt  geometry  generation  techniques  on  different  parts  of  the 
vehicle,  and  to  permit  use  of  different  pressure  calculation  methods  on  each 
component.  Each  component  can  be  completely  arbitrary  in  shape. 

All  geometry  data  finally  used  by  the  program  are  in  a  single  form  using  a 
large  number  of  plane  quadrilateral  surface  elements  distributed  over  the 
surface  of  the  vehicle.  However,  these  data  may  originate  in  a  number  of 
different  forms.  These  include  input  surface  elements,  larger  patch  surfaces 
described  by  the  parametric  cubic  method,  or  elliptical  or  circular  arc 
vehicle  sections.  In  addition,  for  those  surfaces  that  are  analytical,  aux¬ 
iliary  geometry  generation  routines  may  be  used.  For  parametric  studies 
of  particular  families  of  shapes,  the  geometry  may  be  generated  by  separate 
routines  or  programs  prepared  for  this  purpose.  The  capability  is  also 
provided  to  mix  theso  various  geometry  input  schemes  in  any  manner  desired. 

Once  the  surface  geometry  is  described  for  the  computer,  the  vehicle  forces 
may  be  calculated.  The  aerodynamic  literature  contains  descriptions  of 
many  different  methods  of  calculating  the  pressures  on  hypersonic  vehicles. 
Each  method  is  tailored  to  a  particular  application,  either  by  the  geometry 
assumed  or  by  the  assumptions  made  in  the  gas-dynamics  relationships.  It 
is  obvious  that  no  one  method  will  suffice  for  all  shapes  and  flight  conditions. 
Indeed,  different  methods  must  frequently  be  used  for  different  components 
of  a  single  vehicle.  The  logical  conclusion  is  that  the  analysis  system  must 
include  a  number  of  different  force-calculation  methods  to  use  for  different 
vehicle  component  shapes  and  flight  conditions.  As  new  methods  are  devised 
and  validated,  they  may  be  added  to  the  analysis  system. 
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The  selection  of  a  particular  method  or  methods  for  a  given  vehicle  depends 
on  the  vehicle  component  shape  and  the  flight  condition  involved.  The  pre¬ 
sent  program  (Mark  III  Mod  0  version)  contains  the  following  pressure  cal¬ 
culation  options:  (1)  modified  Newtonian,  (2)  blunt-body  Newtonian- Prandtl- 
Meyer,  (3)  tangent-wedge,  (4)  tangent-wedge  empirical,  (5)  tangent-cone, 

(6)  OSU  Blunt-Body  empirical,  (7)  Van  Dyke  unified,  (8)  high  Mach  base 
pressure,  (9)  shock-expansion,  (10)  free -molecular  flow,  (11)  input  pressure, 
(12)  Hankey  flat-surface  empirical,  (13)  Prandtl-Meyer  expansion,  (14) 
Dahlem-Buck  empirical,  (15)  blast  wave,  (16)  modified  tangent-cone,  and  (17) 
boundary -layer  induced  pressure.  The  method  to  be  used  in  impact  and 
shadow  regions  may  be  specified  independently. 

The  program  also  calculates  skin  friction  forces.  Because  of  the  more  com¬ 
plex  nature  of  these  calculations  a  less  detailed  set  of  geometry  data  are 
used.  The  local  flow  properties  on  each  of  the  surfaces  are  calculated  and 
then  the  resulting  radiation  equilibrium  wall  temperature  and  skin  friction 
forces  are  determined  using  the  selected  viscous  method.  The  methods 
provided  are  the  Reference  Temperature  and  Reference  Enthalpy  methods 
(for  both  laminar  and  turbulent),  and  the  Spalding-Chi  method  (turbulent). 

In  addition  a  specialized  shear-force  method  is  provided  for  use  on  blunt 
bodies.  The  effects  of  viscous -inviscid  interaction  on  the  skin  friction  are 
also  calculated.  Also,  a  pressure  method  option  is  included  in  the  program 
to  calculate  induced  pressure  forces  due  to  these  interaction  effects.  These 
calculations  are  made  on  the  skin  friction  geometry  model  rather  than  the 
pressure  geometry  model. 

The  program  also  has  the  capability  of  calculating  control  surface  deflection 
effects  on  the  vehicle  characteristics.  These  calculations  include,  not  only 
the  changes  in  control  surface  pressures,  but  the  changes  in  pressure  on 
other  parts  of  vehicle  that  may  be  influenced  by  boundary  layer  separation 
effects  caused  by  the  deflected  control  surface.  Any  number  of  control  sur¬ 
faces  may  be  used  and  they  may  all  be  deflected  in  different  directions  if 
desired. 

In  addition  to  the  aerodynamic  capabilities  discussed  above,  the  program  also 
contains  several  other  specialized  options.  Using  conventional  methods  the 
program  may  be  used  to  calculate  the  dynamic  damping  derivatives  Cm^. 
and  CYq  for  wing-body-tail  configurations.  Also,  since  some  vehicles  may 
be  strongly  influenced  by  other  applied  force-vector  effects  (such  as  those 
caused  by  air-breathing  propulsion  systems),  capabilities  are  also  provided 
for  including  these  factors  along  with  the  conventionally  calculated  aerodynamic 
forces. 

The  output  data  obtained  from  this  program  may  be  varied,  depending  upon 
the  problem  requirements.  These  data  may  range  from  just  the  final  vehicle 
force  coefficients  to  detailed  surface  pressure  distributions.  Input  flags  are 
provided  for  obtaining  the  results  of  intermediate  program  calculations.  The 
program  output  contains  the  following  parameters  as  functions  of  angle  of 
attack  and  sideslip  angle:  Cd»  Cl,  Ca»  Cy,  Cjyj.  L/D,  Cm,  C^,  Cn,  Ca#» 

CNq»  cYff>  C^,  Cyr,  ^nr»  cjtr,  Cm<* 

T‘ ,  and  hinge  moments. 


Cm((,  Cm<j,  C^qt 

^Yf»  ^n|»  ^N|»  Cm^,  C 
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From  the  proceeding  discussions  we  may  conclude  that  the  Hypersonic 
Arbitrary- Body  Aerodynamic  Computer  Program  may  be  useful  in  a  wide 
variety  of  hypersonic  vehicle  design  studies.  This  is  graphically  illustrated 
by  the  presentation  in  Figure  1  of  the  selection  of  drawings  of  some  of  the 
hypersonic  shapes  that  have  been  studied  with  this  program. 

Users  of  the  previous  versions  of  this  program  may  well  inquire  as  to  the 
differences  between  the  present  Mark  HI  program  and  the  earlier  Mark  H 
version.  First  of  all,  the  major  features  of  the  program  as  described  in 
the  Mark  Q  program  report  (Reference  1)  have  remained  unchanged.  All  old 
problem  decks  will  still  run  on  the  new  program,  although  in  some  cases 
the  answers  produced  will  be  slightly  different.  The  Mark  IH  version  of  the 
program  contains  a  number  of  new  program  features  and  capabilities  that 
will  simplify  the  deck  set-up  for  some  problems,  and  that  will  provide  im¬ 
proved  accuracy  in  the  aerodynamic  calculations  for  many  applications.  A 
brief  outline  of  some  of  these  new  capabilities  is  given  below. 

1.  A  new  option  has  been  added  to  permit  the  use  of  input  surface  ele¬ 
ments  in  describing  the  geometry  for  the  skin  friction  calculations. 

This  permits  the  various  skin  friction  surfaces  to  be  oriented  any¬ 
where  in  space  to  represent  the  actual  geometric  shape.  The  skin 
friction  contributions  to  the  vehicle  moment  coefficients  are  now 
calculated  under  this  option. 

2.  The  skin  friction  subroutines  have  been  extensively  modified  to  pro¬ 
vide  the  capability  of  calculating  both  Reference  Temperature  and 
Reference  Enthalpy  skin  friction  re  stilts.  In  addition  to  these  methods 
the  Spalding -Chi  technique  is  provided  as  an  alternate  turbulent 

skin  friction  calculation  option. 

3.  Induced  pressures  and  skin  friction  results  using  the  tangent-cone 
pressure  method  now  include  a  correction  for  3-D  effects. 

4.  The  skin  friction  calculations  now  use  a  linear  relationship  for  vis¬ 
cosity  at  low  temperatures  rather  than  a  power-law  relationship.  This 
will  give  more  accurate  skin  friction  results  for  low  free-stream  temp¬ 
erature  wind  tunnel  conditions. 

5.  The  skin  friction  pressure  option  called  DEL  WING  now  calculates 
tangent-cone  values  instead. 

6.  An  additional  geometry  flag  option  has  been  provided  to  simplify  the 
geometry  data  preparation  for  highly  swept  surfaces.  This  avoids 
the  possibility  of  zero  area  leading  edge  elements  that  would  cause 
trouble  in  shock- expans  ion  calculations. 

7.  The  program  will  now  handle  all-movable  tail  surfaces. 

8.  The  new  program  pressure  calculation  options  are 

8  Blunt -body  skin  friction 

14  Dahlem-Buck  empirical  method 

15  Blast  wave  pressure  increments 

16  Modified  tangent-cone 

17  Boundary  layer  induced  pressures 


3 


The  computer  program  is  written  on  a  modular  basis  to  facilitate  checkout 
and  revision  work.  The  entire  program  is  written  in  the  FORTRAN  language. 
The  original  Mark  II  program  was  checked  out  on  the  IBM  7094  computer 
with  32,000  words  of  storage.  Even  though  the  program  has  increased  in 
size  a  revision  of  the  overlay  structure  still  permits  the  programs  use  on 
the  IBM  7094.  Models  of  the  Mark  III  program  are  available  for  use  on  the 
IBM  360,  the  IBM  7094,  and  the  UNIVAC  1108  computers.  For  the  Mark  III 
program  the  IBM  360  model  is  considered  to  be  the  base-line  program.  The 
differences  between  the  programs  are  of  a  minor  nature  and  modifications 
necessary  for  operation  on  other  similar  computers  should  be  easy  to  accom¬ 
plish. 

This  computer  program  system  uses  a  free-form  approach  to  the  prepara¬ 
tion  of  the  input  data.  That  is,  the  order  of  the  input  cards  depends  upon 
the  requirements  of  the  problem  being  solved.  This  is  true  of  both  the 
system  control  data  and  of  the  input  data  to  each  of  the  major  program  com¬ 
ponents. 

The  program  is  entitled  "Hypersonic  Arbitrary-Body  Aerodynamic  Computer 
Program."  This  title  brings  with  it  certain  inherent  problems.  If  we  are 
going  to  permit  a  completely  arbitrary  shape,  we  will  have  to  use  a  large 
amount  of  data  in  describing  it  for  the  computer  —  we  must  be  willing  to  pay 
something  for  the  freedom  of  arbitrariness.  Also,  since  no  single  pressure- 
calculation  method  will  give  good  answers  for  all  possible  vehicle  shapes 
under  all  hypersonic  flight  conditions,  we  must  have  available  and  know  how 
to  use  a  large  number  of  force-calculation  methods. 

The  basic  approach  in  the  design  of  this  computer  program  system  has  been 
an  attempt  to  minimize  the  difficulties  caused  by  these  two  problem  areas. 

The  program  has  been  designed  so  that  simple  problems  are  very  easy  to 
set  up  and  run.  However,  the  program  is  written  with  a  great  deal  of  flexibil¬ 
ity,  enough  to  handle  almost  all  situations  that  may  arise.  With  the  more 
complex  problems,  the  input  also  becomes  a  little  more  complicated. 

The  user  of  this  program  is  cautioned  to  follow  closely  the  instructions  given 
in  this  manual.  However,  as  with  any  similar  document,  no  written  manual 
is  a  substitute  for  a  complete  understanding  of  the  problem  to  be  solved,  a 
methodical  approach  to  the  preparation  and  checking  of  the  input  data,  and  a 
careful  analysis  of  the  output  data.  Also,  the  accuracy  of  this  program  in 
any  given  application  depends  upon  the  wisdom  of  the  engineer  in  selecting 
the  proper  force -calculation  methods. 

The  reader  should  review  the  Table  of  Contents  to  get  some  idea  as  to  how 
this  report  is  organized.  The  first  few  sections  discuss  the  more  general 
aspects  of  problem  solving  with  this  computer  program,  followed  by  a  de¬ 
tailed  description,  card  by  card  and  column  by  column,  of  all  the  input  data. 

A  liberal  use  is  made  of  flow  charts  and  diagrams  to  aid  the  user  in  under¬ 
standing  the  input  data  requirements  and  the  use  of  the  program  in  solving 
any  given  problem.  In  the  preparation  of  any  part  of  the  input  data,  such  as 
the  geometry  data,  the  user  needs  a  basic  understanding  of  the  operation  of 
all  other  features  of  the  program.  He  should,  therefore,  read  the  entire 
manual  before  attacking  any  part  of  a  new  problem. 
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Figure  1.  A  Selection  of  Configurations  That  Have  Been  Studied  With 
The  Hypersonic  Arbitrary-Body  Program. 


Appendix  A  contains  a  discussion  of  the  approach  to  be  used  in  selecting  and 
using  the  force  calculation  methods.  Appendix  B  contains  a  detailed  sample 
problem  that  illustrates  most  of  the  features  of  the  program.  This  sample 
should  be  studied,  in  order  to  gain  a  more  thorough  understanding  of  the 
use  of  the  various  features  of  the  program. 


Appendix  C  contains  samples  of  all  the  program  input  sheets  and  a  set  of  in¬ 
put  data  charts.  These  sheets  are  printed  on  fold-out  pages  to  provide  ready 
reference  when  studying  the  detailed  data  input  instructions.  The  fold-out 
pages  also  contain  greatly  condensed  outlines  of  the  input  data  flags.  The 
outlines  will  prove  helpful  once  the  user  becomes  thoroughly  familiar  with 
the  problem-solving  techniques  provided  by  the  program.  Appendix  D  con¬ 
tains  vellum  originals  of  all  the  input  sheets  required  to  operate  this  pro¬ 
gram. 

The  theoretical  considerations  underlying  the  techniques  used  in  the  program 
are  described  in  Volume  II  (Program  Formulation  and  Listings). 

Both  Volumes  I  and  II  of  this  report  are  essentially  revised  editions  of 
the  earlier  Mark  II  program  report  (Reference  1).  The  differences  between 
the  Mark  III  and  Mark  II  reports  reflect  the  modifications  and  new  capabili¬ 
ties  provided  by  the  latest  version. 

A  brief  summary  of  the  capabilities  provided  by  the  Arbitrary- Body  Program 
is  presented  in  Reference  2. 

As  with  any  program  of  this  size,  it  is  expected  that  modifications  and  cor¬ 
rections  may  be  made  from  time  to  time.  It  will,  therefore,  be  to  the  user's 
advantage  to  keep  the  author  of  this  report  informed  of  the  name  and  address 
of  the  person  responsible  for  maintenance  of  the  program,  so  that  changes 
can  be  supplied  to  him.  Any  errors  noted  in  the  program  should  be  brought 
to  the  attention  of  the  author.  Suggestions  for  program  improvement  and 
extensions  are  invited. 
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SECTION  II 


HYPERSONIC  ARBITRARY  BODY  PROGRAM 


GENERAL  DESCRIPTION 

The  Hypersonic  Arbitrary-Body  System  is  composed  of  several  major 
program  components.  The  selection  of  the  order  of  solution  of  the  various 
components  is  controlled  by  a  small  executive  program.  The  general 
arrangement  of  this  system  is  shown  in  the  diagram  below. 


Each  of  the  major  components  is  actually  a  separate  computer  program. 
They  have  been  combined,  by  the  use  of  the  executive  main  program,  to 
give  one  new  and  rather  large  program.  However,  the  discussions 
throughout  this  manual  will  frequently  use  the  term  "program"  in  a  rather 
loose  sense  when  referring  to  any  one  of  the  major  components. 

The  most  important  component  of  the  system  is  the  Aerodynamic  (AERO) 
program.  This  part  of  the  system  is  used  for  performing  all  aerodynamic 
calculations,  for  the  generation  of  specialized  geometry  data  required  in 
these  computations,  and  for  storing  both  the  vehicle  geometry  and  final 
vehicle  coefficients  for  use  in  the  graphics  part  of  the  system. 

The  graphics  part  of  the  system  has  two  components  —  the  Picture -Drawing 
Program  (PICTUR)  and  the  Output  Data  Plotter  Program  (PLOT).  These 
two  components  serve  very  important  functions.  Any  method  used  to  de¬ 
scribe  a  complex  shape  for  use  in  a  computer  program  is  plagued  by  the 
difficult  problem  of  detecting  errors  in  the  input  data.  This  problem  is 
completely  solved  by  the  use  of  the  Picture  Drawing  Program.  This  section 
of  the  system  accepts  the  surface-geometry  input  data  and  uses  the  SC-4020 
automatic  data  plotter  to  draw  a  picture  of  the  resulting  vehicle  shape. 
The  use  and  results  of  this  computer  program  are  best  demonstrated 
by  the  examples  presented  in  Figure  2.  The  viewing  angle  of  these 
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Error  Detection  with  Picture  Drawing  Program 


pictures  is  controlled  by  three  input  matrix  rotation  angles  in  a  yaw-pitch- 
roll  sequence.  In  general  use,  several  pictures  are  made  of  the  vehicle 
with  different  viewing  angles  in  order  to  insure  tha*  all  errors  are  detected. 
In  addition,  individual  sections  or  rows  of  elements  may  be  plotted  with  grid 
scales  to  detect  small  errors  that  may  not  appear  in  the  more  realistic 
drawings.  A  sample  picture  is  shown  in  Figure  3.  Once  the  input-data 
errors  are  identified,  they  may  be  corrected  and  the  data  resubmitted  to 
the  program  for  aerodynamic -force  calculations. 

The  other  component  of  the  graphic  phase  of  the  program  is  the  Output  Data 
Plotter  Program.  The  Aerodynamic  Force  Program  calculates  the  vehicle 
characteristics  and  stores  the  results  on  a  tape  for  use  by  the  plotter  pro¬ 
gram.  The  plotter  program  uses  these  data  and  prepares  a  tape  for  use  by 
the  SC-4020  automatic  plotter.  The  output  from  this  operation  is  illustrated 
in  Figures  4  and  5.  The  possible  saving  in  time  required  to  prepare  plotted 
aerodynamic  data  is  obvious. 

The  next  component  of  this  system  is  the  Slab  Delta  Geometry  Generation 
Program  (SLABD).  In  many  design  investigations  it  is  desired  to  conduct 
studies  of  a  large  number  of  simple  parametric  shapes  in  order  to  gain  an 
understanding  of  the  effect  of  configuration  variables  on  the  vehicle  aero¬ 
dynamic  characteristics.  Such  configurations  can  be  easily  derived  by 
using  analytical  shape -gene ration  techniques  similar  to  those  employed  in 
the  Slab  Delta  Geometry  Generation  option.  The  objective  in  these  cases 
is  to  obtain  the  detailed  geometric  information  required  by  the  aerodynamic 
calculations  with  a  minimum  of  input  information.  It  is  recognized  that 
there  will  not  be  much  need  for  the  Slab  Delta  part  of  this  system.  The  pur¬ 
pose  in  including  it  in  this  program  is  to  show  exactly  how  the  systematic 
study  of  relatively  simple  families  of  shapes  may  be  accomplished  through 
the  use  of  just  such  a  program  component.  It  is  obvious  that  the  slab  delta 
option  could  be  replaced  by  a  user-coded  program  component.  This  is 
illustrated  in  Figure  6.  With  this  approach,  a  large  number  of  shapes  may 
be  studied  in  a  very  short  period  of  time. 

The  last  component  is  the  Card  Punch  routine.  This  option  is  provided  in 
the  Mark  III  program  to  permit  the  on-line  punching  of  cards  from  the  geo¬ 
metry  storage  tape.  The  use  of  this  type  of  operation  may  not  be  possible 
on  some  other  types  of  computers.  In  this  case  a  different  version  of  sub¬ 
routine  CARD  is  used  that  merely  prints  an  on-line  message  to  the 
computer  operator  that  the  geometry  storage  tape  is  to  be  saved  and 
cards  punched  from  it  off-line. 

Now  that  the  general  features  of  the  Hypersonic  Arbitrary- Body  System 
have  been  introduced,  it  will  be  helpful  to  review  each  of  the  major  system 
components  in  a  little  more  detail. 
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Figure  6.  Configurations  Generated  by  Separate  User-Coded  Program 
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AERODYNAMICS  PROGRAM  (AERO) 

It  it  obvious  that  the  AERO  option  is  the  major  component  of  this  system. 
The  important  features  of  the  AERO  program  are  its  ability  to  handle  any 
geometric  shape,  the  availability  in  the  program  of  a  number  of  theoretical 
and  empirical  techniques  for  calculating  the  aerodynamic  forces,  and  the 
capability  of  selecting  different  force -calculation  techniques  for  different 
sections  of  the  vehicle.  With  this  concept,  a  vehicle  may  be  represented 
by  a  number  of  geometric  components,  each  component  may  be  of  arbitrary 
shape,  and  the  most  accurate  force -calculation  method  may  be  used, 
depending  upon  the  component  or  vehicle  shape  and  the  flight  condition. 

The  AERO  program  contains  all  of  the  necessary  components  to  allow  the 
computation  of  the  aerodynamic  forces  if  the  vehicle  shape  and  desired 
flight  conditions  are  given.  The  AERO  program  is  written  on  a  modular 
basis  to  faciliate  checkout  and  rapid  modification  to  meet  changing  needs . 
The  program  consists  of  a  main  program  (AERO)  that  reads  in  input  con¬ 
trol  data,  controls  the  flow  through  major  subprograms,  and  prints  the 
output  data.  The  organization  of  the  major  components  is  shown  in  Figure 
7.  Each  subroutine  shown  in  this  figure  provides  a  specialized  function. 

The  basic  purpose  and  the  operation  of  each  subprogram  are  outlined  below. 


Surface  Data  Subprogram  (SDATA) 

The  surface -data  subprogram  reads  the  input  surface  geometric  data  and 
converts  it  to  a  form  used  by  the  rest  of  the  program.  This  operation  con¬ 
sists  of  an  organization  of  the  surface  data  points  (these  are  either  input  or 
generated  within  the  program)  into  sets  of  four  related  points  and  then  the 
conversion  of  each  set  of  surface  points  into  a  plane  quadrilateral  element. 
The  characteristics  of  each  quadrilateral  element  are  stored  in  the  core 
(with  the  first  300  elements)  and  on  a  tape  unit  (with  all  the  remaining  ele¬ 
ments).  With  this  method  there  is  no  practical  limit  to  the  number  of 
elements  that  may  be  used  to  describe  a  given  arbitrary  shape.  The  ele¬ 
ment  characteristics  that  are  stored  for  use  in  the  force  calculations 
include  the  element  number  (assigned  consecutively),  the  direction  cosines 
of  the  quadrilateral  surface  unit  normal  (directed  outward),  the  coordinates 
of  the  centroid  of  the  element,  and  the  area  of  the  element.  If  the  user 
wishes,  these  characteristics  may  also  be  printed  out  for  visual  inspection. 
The  surface  areas  of  the  quadrilaterals  and  the  volume  contributions  are 
summed  for  each  vehicle  section  and  also  printed  out.  This  subprogram 
also  provides  any  necessary  scaling  of  the  size  of  each  input.sectian  and, 
if  required,  changes  in  the  position  of  a  section  in  the  coordinate  system. 

The  input  geometry  accepted  by  the  SDATA  subprogram  may  be  in  three 
different  forms,  as  follows: 

1.  Surface  Element  Data  —  A  large  number  of  distributed  surface 
points  organized  to  form  elements  (either  hand  input  or 
generated  by  the  Slab  Delta  Program). 

2.  Analytical  Shape  Data  for  circular  or  elliptical  cross  sections 
(or  portions  thereof). 

3.  Parametric  Cubic  Geometry  —  Coordinates  along  each 
boundary  curve  of  a  surface  patch. 
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Regardless  of  the  input  method  used,  the  geometry  data  are  eventually  con¬ 
verted  into  surface -element  points  before  any  further  calculations  are  made. 
The  conversion  of  elliptical  geometry  data  or  parametric  cubic  data  into  the 
required  surface -element  points  is  performed  in  separate  subprograms. 
When  surface -element  data  are  generated  by  the  Slab  Delta  Program,  they 
are  recorded  on  the  geometry  storage  tape  (Tape  Unit  8).  This  is  also  true 
of  element  points  generated  either  by  the  ellipse  option  or  by  the  parametric 
cubic  method.  Once  these  data  have  been  properly  placed  on  Tape  8,  they 
are  in  exactly  the  same  form  as  regular  surf  ace -element  input  data.  These 
data  are  then  available  for  use  in  other  parts  of  die  program  system.  The 
tape  on  Tape  Unit  8  may  also  be  saved  after  a  machine  run,  and  regular 
BCD  cards  may  be  punched  from  it.  On  subsequent  machine  runs,  these 
cards  can  be  input  directly  as  regular  surface -element  data.  Provisions 
are  also  made  for  reading  regular  surface -element  data  from  the  standard 
input  tape  (Tape  5)  and  having  these  data  transferred  to  the  special  geom¬ 
etry  storage  tape  (Tape  8).  From  this  very  brief  discussion  we  see  that 
the  proper  management  of  Tape  8  will  play  an  important  part  in  the  solution 
of  many  problems. 

The  techniques  used  in  controlling  the  data  on  Tape  8  and  the  proper  posi¬ 
tioning  of  Tape  8  for  each  part  of  a  problem  will  be  discussed  in  more  de¬ 
tail  in  a  later  part  of  this  report.  The  most  important  aspects  of  the  above 
discussion  that  the  reader  must  remember  are  that,  regardless  of  their 
original  source,  the  geometry  data  must  eventually  be  converted  into  the 
form  of  surface -element  data  before  they  can  be  used  by  the  program.  Once 
die  surface -element  data  are  available,  they  are  converted  into  plane  quad¬ 
rilateral  elements  for  subsequent  computations.  The  use  of  Tape  8  is 
illustrated  in  Figure  8. 


Elliptical  Cross-Section  Subprogram  (ANALY1) 

This  subprogram  prepares  surface -element  data  points  for  circular  or 
elliptical  cross-sections.  Any  arc  of  a  circle  or  ellipse  may  be  formed 
at  any  given  X- station,  and  the  center  of  the  curve  need  not  be  at  the  center 
of  the  coordinate  system.  With  this  subpr~eram,  it  is  possible  to  generate, 
with  a  minimum  of  input  information,  the  large  number  of  surface  points 
required  for  the  quadrilateral  calculations.  This  capability  is  most 
frequently  used  to  generate  data  for  vehicle  nose  sections,  leading  edges, 
and  vehicle  circular  or  elliptical  cross  sections. 

t 

Parametric  Cubic  Subprogram  (ANALY2) 

This  subprogram  accepts  input  geometry  data  in  the  form  of  coordinate 
points  of  surface-patch  boundary  curves.  From  these  data  it  formulates 
an  equation  (parametric  cubic)  that  describes  the  interior  surface  of  the 
patch.  Points  on  the  surface  are  then  calculated  and  the  data  stored  on 
the  geometry  storage  tape  (Tape  8)  in  exactly  the  same  form  as  regular 
hand  input  surface  element  data.  The  important  feature  of  the  parametric 
cubic  geometry  input  method  is  that  the  size  or  number  of  elements  gen¬ 
erated  to  describe  the  patch  is  determined  from  just  two  input  parameters. 
This  method  is  used  when  it  is  desirable  to  frequently  change  the  size  of 
the  surface  elements,  or  when  a  large  number  of  elements  is  required  to 
describe  a  flat  surface  such  as  a  control -surface  flap. 
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Analytical  Shape  Subprogram  (ANALY3) 

This  subprogram  is  a  dummy  routine  provided  for  possible  future  program 
modifications. 


Control-Surface -Deflection  Subprogram  (CONTRL) 

This  subprogram  has  the  task  of  converting  input  data  for  control-surface 
geometry  in  the  undeflected  position  to  any  desired  deflected  position  for 
subsequent  calculations.  The  single  important  requirement  for  control- 
surface -geometry  data  is  that  the  hinge  line  must  be  straight.  The  geometric 
characteristics  of  the  control  surface  in  the  deflected  position  are  stored 
on  Tape  11.  This  subprogram  also  calculates  and  stores  on  Tape  11  the 
necessary  hinge-moment  length  parameters  for  subsequent  hinge-moment 
calculations.  At  all  times  during  the  program  calculations,  the  geometric 
characteristics  of  the  control  surface  in  the  undeflected  position  are  main¬ 
tained  on  Tape  Unit  4.  The  geometry  data  for  the  area  in  front  of  the  control 
surface  (the  fore-surface)  are  stored  on  Tape  3. 

Force- Calculation  Subprogram  (FORCE) 

This  subprogram  calculates  the  pressure  coefficient  on  each  quadrilateral 
element,  resolves  the  force  in  the  required  body  axis  system,  and  sums  the 
contributions  of  each  element  to  give  the  vehicle's  six  aerodynamic  coef¬ 
ficients.  Some  of  the  force -calculation  methods  require  the  use  of  another 
level  of  subprograms.  The  special  subroutines  provided  include  oblique- 
shock  compression,  Prandtl-Meyer  expansion,  Newtonian  +  Prandtl- Meyer, 
and  flow  separation.  Several  of  these  subroutines  serve  a  dual  purpose, 
since  they  are  also  used  by  the  skin  friction  subprogram. 

The  force  subprogram  is  organized  in  such  a  way  that  it  is  very  easy  to 
modify  to  include  additional  force -calculation  methods.  To  facilitate  modi¬ 
fication,  the  logic  in  this  part  of  the  program  has  been  kept  as  simple  as 
possible  with  a  minimum  of  cross-connection  between  methods.  This  sim¬ 
plified  programming  in  the  force  calculation  has  been  used  even  at  the  ex¬ 
pense  of  a  slight  penalty  in  storage  economy. 

Header  Subprogram  (HEADER) 

The  header  subprogram  provides  the  title  at  the  top  of  each  page  of  the  out¬ 
put  and  advances  the  page  counter. 

Atmosphere  Subprogram  (ATMOS) 

This  subprogram  calculates  the  atmospheric  properties  for  a  given  altitude 
by  using  U.  S.  1962  standard  atmosphere.  This  subprogram  uses  an  inverse 
square  gravitational  field  and  gets  results  that  agree  with  the  COESA  docu¬ 
ment  within  1  percent  at  all  altitudes  up  to  700  kilometers.  The  program  is 
also  capable  of  using  input  wind-tunnel  conditions  (stagnation  pressure  and 
temperature)  to  determine  the  properties  of  the  free-stream  air  about  a 
wind-tunnel  model. 


21 


Flow-Separation  Subprogram  (FLOSEP) 

This  subprogram  has  the  task  of  determining  the  effect  of  flow  separation 
caused  by  the  deflection  of  a  control  surface.  The  subprogram  has  all  the 
nec  *ssary  separation  criteria  built  into  it  to  provide  the  flow-separation 
point  on  the  surface,  the  flow-reattachment  position,  and  the  change  in 
vehicle  surface  pressures  caused  by  the  deflected  flap  and  any  resulting 
flow- separation  effects.  The  flow- separation  subroutine  also  makes  use 
of  data  obtained  from  the  shock  expansion  routine  and  the  compression 
and  temperature  subroutines. 

Shock- Expansion  Subprogram  (SHKEXP) 

This  subprogram  is  capable  of  performing  a  shock  expansion  analysis  along  a 
streamwise  strip  of  elements.  The  local  surface  pressure,  local  flow  Mach 
number,  and  temperature  are  calculated  for  each  element.  The  calculation 
of  a  shock  expansion  along  a  given  streamwise  strip  of  elements  starts  with 
the  determination  of  the  flow  properties  on  the  first  element  in  the  strip  (the 
section-leading -edge  element).  The  local  properties  on  this  leading-edge 
element  may  be  calculated  either  by  oblique  shock  relationships,  by  tangent 
cone  equations,  by  a  delta-wing  empirical  method,  or,  in  the  case  where  the 
leading  element  is  in  shadow  flow,  by  a  Prandtl-Meyer  expansion  from  free- 
stream  conditions.  The  calculation  of  the  properties  on  subsequent  elements 
in  a  streamwise  strip  is  based  on  a  compression  or  Prandtl-Meyer  expan¬ 
sion  from  the  previous  element  in  that  strip. 


.  Skin-Friction  Subprogram  (SKINFR) 

This  subprogram  calculates  the  viscous  forces  with  the  option  of  using  the 
Reference  Temperature,  Reference  Enthalpy,  or  Spalding-Chi  methods.  The 
vehicle  geometry  is  specified  using  the  same  methods  as  for  the  pressure 
calculation  geometry  model  except  that  a  smaller  number  of  elements  are 
used  (usually  less  than  20).  The  wall  temperature  maybe  input  to  the 
program  or  the  radiation -equilibrium  value  determined  by  the  program. 

The  local  properties  may  be  calculated  by  the  tangent-wedge,  tangent-cone, 
Prandtl-Meyer  expansion,  or  by  the  Newtonian  +  Prandtl-Meyer  method. 

The  viscous -inviscid  interaction  effects  are  calculated  by  the  method  of 
White  (Reference  3).  The  user  may  specify  either  laminar  or  turbulent 
skin-friction  data  to  be  added  to  the  vehicle  inviscid  forces. 

Blunt-Body  Newtonian  +  Prandtl-Meyer  Subprogram  (NEWTPlvf) 

Tliis  subroutine  calculates  the  pressure  coefficients  on  a  surface  by  the 
blunt-body  Newtonian  i-  Prandtl-Meyer  method.  This  subprogram  is  used 
both  by  the  Force  subprogram  and  by  the  Skin- Friction  subprogram.  Under 
oblique-shock  detachment  conditions,  it  will  also  be  used  by  the  oblique - 
shock  compression  routine. 

This  pressure -calculation  method  requires  matching  the  pressure  distri¬ 
butions  calculated  by  the  modified  Newtonian  and  Prandtl-Meyer  expansion 
methods  at  the  point  where  their  slopes  are  equal.  In  the  blunt  part  of  the 
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body  before  this  matching  point  is  reached,  the  pressure  is  calculated  by 
modified  Newtonian  theory.  When  the  surface  slope  has  decreased  beyond 
the  matching -point  slope,  the  pressure  is  determined  by  Prandtl-Meyer 
relationships. 


Compression  Subprogram  ( COMPR) 

This  subprogram  calculates  the  pressure  on  a  surface  by  using  conven¬ 
tional  oblique- shock  relationships  (NACA  TR  1135).  For  conditions  where 
no  solution  can  be  found  for  the  oblique -shock  cubic  relationship  (for  shock 
detachment  conditions)  the  compression  subroutine  will  then  call  the 
Newtonian  +  Prandtl-Mever  routine  in  order  to  obtain  a  solution. 


Expansion  Subprogram  (EXPAND) 

This  subprogram  calculates  the  pressure  on  a  surface  by  using  Prandtl- 
Meyer  relationships.  The  routine  may  be  called  by  the  Force  Subprogram, 
by  the  Skin -Friction  Subprogram,  or  by  the  Newtonian  +  Prandtl-Meyer 
Subprogram. 


Temperature  Subprogram  (TEMP) 

This  subprogram  uses  an  iterative  procedure  to  calculate  the  radiation- 
equilibrium  temperature  on  a  surface  for  use  in  the  skin  friction  calculations. 
Options  also  permit  the  use  of  an  input  wall  temperature  or  the  program 
determined  adiabatic  wall  condition. 


Convective  Heating  Function  Subprogram  (QC) 

This  subprogram  calculates  the  aerodynamic  convective  heating  at  a  given 
wall  temperature  for  laminar  or  turbulent  flow,  and  for  either  an  ideal  gas 
or  a  real  gas.  At  the  user's  option,  reference  temperature  or  reference 
enthalpy  methods  may  be  used  for  both  laminar  and  turbulent  flow  and,  in 
addition,  the  Spalding-Chi  turbulent  method  may  be  selected  using  either 
temperature  or  enthalpy  ratios. 


Polynomial  Function  Subprogram  (POLY) 

This  program  generates  an  N-th  order  polynomial  and  is  used  by  ROMU  in 
generating  fluid  properties. 


Fluid  Properties  Function  Subprogram  (ROMU) 

This  subprogram  calculates  the  various  fluid  properties  of  equilibrium  air 
required  for  the  real  gas  viscous  calculations.  The  program  has  three 
entries;  the  first  calculates  the  density -viscosity  product  at  an  input  pres¬ 
sure  and  enthalpy,  the  second  calculates  the  enthalpy  corresponding  to  an 
input  temperature,  and  the  third  calculates  the  density  at  an  input  enthalpy 
and  pressure. 

O 
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Block  Data  Subroutine 

This  aub routine  initializea  into  labeled  common  "PROP"  the  coefficient 
arrays  required  by  functior.  ROMU  to  determine  the  real  equilibrium  air 
properties. 

Cone  Subprogram  (CONE) 

This  subprogram  calculates  the  surface  conditions  for  a  cone  using  em¬ 
pirical  relationships.  This  routine  is  used  by  the  force,  flow  separation, 
and  skin  friction  routines  when  the  tangent -cone  option  is  called  for. 

Blunt-Body  Skin  Friction  Subprogram  (BLUNT) 

This  subroutine  calculates  the  viscous  forces  on  a  blunt  faced  body.  This 
routine  is  used  by  the  Force  subprogram  in  a  mode  similar  to  the  inviscid 
pressure  calculation  options.  The  vehicle  forces  calculated,  however, 
account  for  only  the  blunt-body  skin  friction  shear  forces  and  should  be 
added  to  previously  calculated  inviscid  forces  using  the  data  summation 
option. 


Plunge-Derivative  Subprogram  (PLUNGE) 

This  subprogram  is  used  to  calculate  the  dynamic-stability  derivatives 
due  to  vertical  acceleration  (C_  )  and  horizontal  acceleration  (Cv  ). 

mi  y,5 

This  is  essentially  a  separate  auxiliary  subprogram  that  is  used  to  calculate 
these  special  derivatives  by  conventional  analysis  techniques.  The  subpro¬ 
gram  includes  the  calculation  of  the  conventional  interference  factors  for 
die  effect  of  a  wing  in  the  presence  of  a  body  and  the  interference  factor  for 
the  effect  of  a  body  in  the  presence  of  wing.  The  computations  for  Cm> 

a 

involve  the  application  of  slender -body-theory  results  to  the  value  of  Cm  . 

<X 

This  is  also  true  of  computations  for  the  parameter  Cy^ ,  where  the  Plunge 

b 

Subprogram  must  make  use  of  the  parameter  Cy  as  calculated  by  the 

0 

Arbitrary  Body  Program  for  the  vehicle  component  involved.  Since  a 
particular  body  may  consist  of  several  different  components,  each  of  which 
may  have  been  analyzed  separately,  it  is  necessary  to  wait  until  the  final 


values  of  these  two  parameters  (C 


Cv  )  have  been  obtained. 
0 


It  is  for  this  reason  that  the  Plunge  Derivative  Subprogram  should  not  be 
called  until  the  user  indicates  that  the  necessary  vehicle- component  com¬ 
putations  have  been  completed,  and  that  he  finally  wishes  the  plunge  deriva¬ 
tives  to  be  calculated. 
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Elliptical-Integral  Subprogram  (ELP1) 


This  subprogram  is  used  by  the  Plunge  Subroutine  to  approximate  the  values 
of  the  elliptical  integrals  of  the  first  and  second  kinds. 


Thrust-Vector  Subprogram  (VECTOR) 


This  is  also  a  utility  subprogram.  It  may  be  primarily  used  to  introduce 
propulsion-system  effects  into  the  aerodynamic  analysis.  This  subroutine 
reads  in  input  data  that  give  the  magnitude  of  each  applied  force  vector,  its 
direction,  and  its  point  of  application  on  the  vehicle,  relative  to  the  center 
of  gravity.  The  subprogram  will  then  convert  this  information  into  the 
required  force  and  moment  coefficients  for  summation  with  the  basic  vehicle 
characteristics.  To  make  the  solution  more  general,  any  number  of  input 
force  vectors  may  be  used  to  account  for  such  things  as  ram  drag,  gross 
thrust,  spillage,  and  other  similar  forces  or  moments. 


GRAPHICS  PROGRAMS  (GRAPIC) 

The  graphics  part  of  the  system  has  two  components  —  the  Picture  Drawing 
Program  (PICTUR)  and  the  Output  Data  Plotter  Program  (PLOT).  Each  of 
these  options  is  actually  a  separate  individual  program  that  has  been  combined 
under  the  Executive  Control  Program  to  increase  system  flexibility.  If 
required,  each  could  be  removed  from  this  system,  and  with  only  a  few  minor 
modifications,  operated  as  an  independent  program. 


.  .  / 

Picture -Drawing  Program  (PICTUR) 

The  Picture -Drawing  Program  is  a  very  important  component  of  the  Hyper¬ 
sonic  Arbitrary-Body  System.  Its  use  in  this  system  is  in  providing  graphical 
drawings  of  the  geometric  description  input  to  the  Arbitrary-Body  Force 
Program.  The  purpose  of  these  drawings  is  to  allow  the  engineer  to  detect 
errors  in  the  geometric  input  data. 

The  input  geometry  data  are  sets  of  points  in  three-dimensional  space.  A 
grouping  of  four  surface  points  is  used  to  describe  a  surface  element.  An 
aggregation  of  a  large  number  of  related  surface  elements  forms  a  body 
section,  and  a  number  of  sections  may  be  used  to  give  a  complete  description 
of  the  shape.  These  data  are  converted  by  the  Picture  Drawing  Program  into 
a  form  usable  by  the  SC -4020  automatic  plotter.  This  is  accomplished  by  a 
transformation  of  the  vehicle  surface  points  with  the  required  rotation  matrices 
to  give  the  desired  viewing  angle.  The  SC-4020  then  draws  straight  lines  be- 
"tsyeen  the  corner  points  of  each  element  on  a  special  cathode-ray  tube.  The 
image  is  then  photographed. 

I 

The  unit  normal  for  each  element  is  also  transformed  with  the  rotation 
matrices  and  the  resulting  component  out  of  the  plane  of  the  paper  calculated. 

If  the  component  is  positive,  the  element  faces  the  viewer  and  is,  therefore, 
drawn  by  the  computer^  If  the  component  is  negative,  the  element  faces  away 
from  the  viewer  and  the  element  is  not  drawn.  JXhis  procedure  yields  very 
realistic  drawings  of  the  vehicle  from  any  desired  viewing  angle  and  serves 
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both  to  check  the  geometry  data  for  errors  and  to  illustrate  the  method  used 
in  describing  the  shape  for  the  computer.  The  resulting  picture  is  thus  made 
more  realistic,  and  confusing  elements  on  the  back  side  of  the  vehicle  do  not 
appear.  No  criterion  is  provided,  however,  for  the  deletion  of  those  elements 
that,  though  facing  the  viewer,  should  be  hidden  by  some  other  body  component. 
Only  a  very  careful  selection  of  viewing  angles  or  a  physical  deletion  of  the 
offending  section  from  the  input  data  can  delete  these  elements.  As  a  last 
resort,  they  can  be  removed  from  the  picture  by  hand. 

.Output  Data  Plotter  Program  (PLOT) 

The  Output  Data  Plotter  Program  is  used  to  produce  graphically  plotted  data 
as  obtained  from  the  aerodynamics  part  of  the  program.  This  program  may 
also  be  removed  from  the  Hypersonic  Arbitrary  Body  System  and  operated  as 
an  independent  program.  The  program  has  the  capability  of  reading  the 
data  to  be  plotted,  either  from  the  standard  system  input  tape  (Tape  5)  or 
from  the  special  aerodynamic -characteristics  tape  generated  by  the  AERO 
part  of  the  system.  It  is  also  possible  to  mix  these  two  modes  of  operation 
on  one  plot,  which  is  useful  in  comparing  program-calculated  characteristics 
with  test  data.  In  this  version  cf  the  Hypersonic  Arbitrary  Body  System, 
twelve  vehicle  characteristic  variables  may  be  saved  by  the  AERO  Program 
for  subsequent  plotting  by  the  PLOT  routine.  These  variables  are 
«.  CD.  CL,  CA.  CY,  CN.  fi,  L ID,  Cm.  Cr  Cn.  C£. 

If  the  user  requires  other  variables  to  be  plotted,  he  may  accomplish  this  by 
making  a  minor  modification  of  the  portion  of  the  AERO  Program  involved 
with  saving  characteristics  data  on  the  AERO  Plot  tape. 


SLAB  DELTA  PROGRAM  (SLABD) 

The  Slab  Delta  Program  is  included  in  this  system  to  illustrate  the  analysis 
of  special  analytical  shapes  by  the  system.  Its  basic  purpose  is  the  formation 
of  the  appropriate  geometry  data  from  a  minimum  of  input  data.  This  pro¬ 
vides  the  capability  of  studying  a  very  large  number  of  simple  shapes  with  a 
minimum  of  effort.  In  many  applications  it  would  be  possible  to  make  minor 
modifications  of  the  Slab  Delta  Program  to  permit  the  analysis  of  some  other 
family  of  simple  shapes.  A  picture  of  a  vehicle  generated  by  the  Slab  Delta 
Program  is  shown  in  Figure  9. 


CARD  PUNCH  PROGRAM  (CARD) 

This  part  of  the  Arbitrary- Body  System  is  used  to  produce  punched  cards 
of  the  data  that  has  been  placed  on  the  geometry  storage  tape  (Unit  8). 

This  option  is  used  on  those  computers  that  produce  card  output  in  a 
direct  on-line  mode  by  writing  the  information  on  the  standard  punch  unit 
(Unit  7  on  the-  IBM  360  computer).  This  capability  may  not  be  available 
on  some  installations.  If  this  is  the  case  the  geometry  storage  tape 
(Tape  8)  must  be  saved  after  a  job  and  any  required  cards  punched  off-line 
by  a  tape-to-card  device. 
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PHILOSOPHY  OF  PROGRAM  USE 

As  can  be  seen  from  the  system  diagram  on  page  9,  the  Executive  Program 
has  the  task  of  controlling  the  flow  to  and  from  each  of  the  four  major  pro¬ 
gram  options.  It  accomplishes  this  with  a  single  input  card,  the  first  card 
in  the  data  deck.  The  user  enters  numbers  in  this  card  to  identify  the  pro¬ 
gram  components  to  be  executed  and  the  order  of  their  solution.  This  is 
best  demonstrated  by  the  use  of  a  sample  problem.  A  complex  problem  will 
be  intentionally  selected,  to  give  the  reader  a  better  understanding  of  the 
full  capability  of  the  program.  Throughout  each  step  of  this  example,  the 
reader  will  find  it  helpful  to  trace  the  program  flow  on  the  system  diagram 
on  page  9. 

In  the  example  it  will  be  assumed  that  the  user  wishes  to  generate  a  slab- 
delta  vehicle  with  a  lower  surface  flap  (see  Figure  10)»  calculate  the 
aerodynamic  characteristics,  obtain  pictures  of  the  configuration  used, 
obtain  plotted  output  of  the  resulting  aerodynamic  characteristics,  and 
reenter  the  aerodynamic  part  of  the  program  with  a  complete  new  set  of 
geometry  data  for  a  second,  different  vehicle  shape.  He  then  wishes  to 
calculate  the  aerodynamic  characteristics  of  the  second  vehicle,  draw 
pictures  of  it,  and  then  have  the  final  characteristics  plotted. 

The  first  step  in  this  rather  complex  problem  is  to  prepare  the  gepmetry 
data  for  the  slab-delta  configuration,  including  the  control  surface.  The 
first  program  option  selected  by  the  user  is  the  Slab  Delta  option.  By 
inputting  the  appropriate  option  flag,  the  Executive  Program  first  goes  to  the 
Slab  Delta  Program  option,  reads  in  necessary  input  data  to  this  option, 
prepares  geometry  data  for  the  desired  part  of  the  slab  delta  (for  example 
the  nose  section  of  the  slab  delta),  and  places  this  geometry  information 
on  the  geometry  storage  tape,  for  use  by  the  other  components  of  the  program 
system.  Control  is  then  returned  to  the  Executive  Program. 

The  next  option  flag  directs  the  flow  calculations  into  the  AERO  part  of  the 
system.  In  this  program  phase  the  remaining  geometry  components  are 
input  or  formed  by  using  a  combination  of  input  element  data,  ellipse -genera¬ 
tion  capability  for  the  leading  edges,  and  parametric -cubic -geometry  method 
for  description  of  the  flap  surfaces.  At  this  point  in  the  problem,  the  entire 
vehicle  geometry  (including  nose,  aft  leading  edges,  and  flap  surfaces)  has 
been  recorded  on  the  geometry  storage  tape  and  is  available  for  calculations 
or  for  subsequent  drawing  of  vehicle  pictures.  While  in  the  AERO  option, 
aerodynamic  characteristics  are  also  calculated.  After  this  is  completed, 
the  program  control  is  returned  to  the  Executive  Program. 

For  the  next  phase,  the  Executive  Program  sends  control  to  the  Graphic 
section  of  the  program  and  then  to  the  Picture  Drawing  option.  The  Picture 
Drawing  option  reads  the  necessary  plotting  information,  reads  the  geometry 
data  from  the  geometry  storage  tape,  and,  with  the  use  of  th<^  SC -4020 
system,  writes  on  a  special  output  tape  that  will  eventually  be  processed  on 
the  SC-4020  automatic  plotter  to  give  realistic  pictures  of  the  vehicle.  When 
this  is  completed,  the  control  is  again  returned  to  the  Executive  Program. 
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For  the  next  phase,  the  Executive  Program  agahTtorns  control  over  to  the 
Graphic  Program  and  then  to  the  Output  Data  Plotter  Program  option.  In 
this  option,  picture-scale  information  is  read  in,  the  aerodynamic  char¬ 
acteristics  read  from  the  aero-characteristics  storage  tape,  and  final 
plotting  information  placed  on  the  SCr4020  tape  for  subsequent  processing 
off-line.  When  this  is  completed,  ths  program  returns  control  to  the 
Executive  Program. 

At  this  point  in  our  example,  the  fir^t  problem  involving  the  slab-delta 
configuration  has  been  completed.  But  the  machine  run  is  not  completed, 
since  the  user  wishes  to  read  in  a  completely  new  set  of  geometry  data  for 
a  different  vehicle,  calculate  the  aerodynamic  characteristics,  draw  pic¬ 
tures,  and  plot  the  aerodynamic  characteristics.  To  accomplish  this,  the 
Executive  Program  again  returns  control  to  the  AERO  option.  Here,  the 
geometry  data  are  read  into  the  program,  saved  on  the  geometry  storage 

tape,  the  aerodynamic  characteristics  are  calculated  and  saved  on  the  aero- 
characteristics  plot  tape,  and  the  control  is  returned  to  the  Executive 

Program.  The  Executive  Program  then  sends  control  to  the  Picture  Draw¬ 
ing  Program,  which,  after  completing  the  pictures  again,  reiurns  control 
to  the  Executive  Program.  Finally,  the  Executive  Program  calls  upon  the 
PLOT  option  to  prepare  final  plotted  data.  Since  no  more  data  are  to  be 
calculated,  or  pictures  to  be  drawn,  or  data  to  be  plotted,  the  Executive 
Program  congratulates  the  user  for  having  successfully  completed  his 
problem,  and  pronounces  the  job  finished. 

Up  to  20  different  phases  may  be  used  on  any  single  machine  pass,  and,  from 
the  above  example,  we  see  that  it  is  permissible  to  enter  any  program  option 
more  than  just  once. 

By  studying  the  above  example,  the  user  should  be  able  to  gain  an  under¬ 
standing  of  the  general  purpose  and  use  of  the  Executive  Program  and  of  the 
effective  use  of  the  various  components  of  the  sys  tem  in  combination  to 
accomplish  even  the  most  complex  analysis  task. 

One  warning  should  be  made  regarding  the  use  of  this  computer  program. 

The  program  contains  a  large  number  of  user  options,  the  most  important 
of  which  is  the  selection  of  the  method  to  be  used  to  calculate  vehicle 
pressure.  The  program  makes  available  a  number  of  different  methods 
that  cover  a  wide  variety  of  shapes  and  flight  conditions.  It  is  obvious  that 
a  random  or  hasty  selection  of  the  pressure  method  is  apt  to  give  misleading 
or  even  completely  erroneous  results.  The  user  should  not  get  the  feeling 
that  this  big  and  complex  program  is  suddenly  going  to  perform  miracles  — 
it  won't.  All  the  program  does  is  place  at  his  disposal  a  collection  of  anal¬ 
ysis  tools.  The  kind  of  tool  that  he  selects  for  a  particular  problem  (such 
as  geometry-description  method  or  pres  sure -calculation  method)  will  de¬ 
termine  the  validity  of  the  answers  produced. 

When  none  of  the  methods  available  in  the  program  are  suitable  for  a  given 
problem  application  then  a  new  method  must  be  derived  and  added  to  the 
program.  The  difficulty  in  accomplishing  such  additions  depends  upon  the 
specific  requirements  of  the  problem.  If  a  hew  pressure  calculation  method 
to  be  added  is  as  simple  as  a  new  empirical  equation  for  pressure  as  a  func¬ 
tion  of  local  impact  angle  and  flight  condition,  then  the  modification  can  be 


accomplished  very  quickly.  If  the  new  method  requires  some  other  infor¬ 
mation  about  the  characteristics  of  the  shape  or  the  flow  field  (like  the 
shock-expansion  method  already  in  the  program),  then  the  modification 
would  be  more  difficult  and  would  require  a  more  intimate  knowledge  of  the 
details  of  the  program. 

APPROACH  TO  PROBLEM  SOLUTION 

Before  attempting  to  us  this  program  for  the  first  time,  the  user  should 
read  the  entire  manual.  Obviously,  the  purpose  of  the  first  reading  should 
be  simply  to  get  a  rough  idea  of  the  general  contents,  not  to  make  a  thorough 
study  of  the  input  instructions.  The  user  will  then  have  to  decide  exactly 
how  he  is  to  attack  his  problem.  The  first  step  involves  a  decision  as  to 
how  the  various  components  of  the  system  are  to  be  used.  This  will  require 
the  use  of  a  thinking  process  similar  to  that  described  in  the  Section  entitled 
Philosophy  of  Program  Use  and  further  illustrated  in  later  sections  of  this 
report. 

Once  the  user  has  decided  how  he  is  to  make  use  of  the  AERO  Program,  the 
Picture  Drawing  Program,  the  Output  Data  Plotter  Program,  and  any 
auxiliary  geometry  program  such  as  the  Slab  Delta  Program,  he  may  proceed 
with  the  detailed  preparation  of  the  geometry  data. 


GEOMETRY  DATA  PREPARATION 

The  original  geometry  data  available  may  take  several  forms.  A  simple 
three -view  dimensioned  drawing  of  the  vehicle  in  the  most  common  form.  A 
front  view  of  the  shape  with  a  number  of  cross-section  cuts  is  also  required. 
The  latter  drawing  should  be  on  grid  paper,  to  enable  the  reading  of  the  X,  Y, 
Z  coordinate  data.  A  set  of  drawings  for  a  typical  reentry  vehicle  design  is 
shown  in  Figures  11  and  12.  Figure  12  is  a  good  example  of  the  amount  of 
cross-section  data  required  for  most  problems. 

The  Hypersonic  Arbitrary  Body  System  provides  several  different  options 
for  use  in  describing  a  given  shape.  First,  the  geometry  can  be  described 
completely  external  to  the  AERO  program  by  the  Slab  Delta  Program.  Or, 
the  geometry  can  be  obtained  from  a  user -coded  program  in  place  of  the 
Slab  Delta  routine.  This  approach  can  be  used  when  a  large  number  of  very 
simple  shapes  are  to  be  studied. 

Most  of  the  time,  however,  the  user  will  avail  himself  of  the  options  provided 
within  the  AERO  program.  The  three  techniques  provided  are  (1)  input 
element  data,  (2)  ellipse  cross-section  generation  data,  and  (3)  parametric 
cubic  patch  data.  The  selection  of  the  method  will  usually  depend  upon  the 
shape  of  each  component  of  the  vehicle  involved,  and  sometimes  on  the 
pressure-calculation  method  to  be  used.  Obviously,  nose  sections  of  a 
vehicle  and  leading  edges  should  be  generated  by  the  ellipse  option.  Other 
elliptical  or  circular  portions  of  a  vehicle  can  also  be  generated  in  this 
manner.  Complex  curved  surfaces  can  be  described  either  by  the  element- 
data  method  or  by  the  parametric -cubic -patch  technique.  After  experiment¬ 
ing  with  each,  the  user  will  form  an  opinion  as  to  which  method  he  finds 
easiest  for  his  type  of  application. 
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Three-View  Drawing  of  Typical  Re-entry  Vehicle 
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In  working  with  conventional  cross-section  data,  it  will  be  found  that  the 
surface -element  method  is  the  easiest  technique  to  use,  even  though  it 
usually  requires  more  input  data.  The  reason  is  that  only  one  coordinate 
plane  need  be  considered,  say  the  Z,  Y  plane,  with  the  other  coordinate 
(the  X-station)  held  constant  for  a  given  vehicle  cross-section  cut.  In  the 
parametric  cubic  method,  the  user  must  work  in  the  cross-section  plane 
and  at  the  same  time  must  also  record  patch  boundary-curve  coordinates  in 
the  longitudinal  (X-station)  direction. 

The  parametric -cubic  method  becomes  useful  when  a  large  flat  portion  of  a 
vehicle  must  eventually  be  available  to  the  program  with  a  relatively  fine- 
mesb  network  of  surface  elements.  This  would  apply  to  control- surface 
flaps  and  to  that  portion  of  the  vehicle  in  front  of  the  flap,  upon  which 
separation  effects  are  to  be  investigated. 

With  the  foregoing  knowledge  of  the  various  geometry  methods,  the  user  will 
be  able  to  formulate  a  general  approach  to  his  particular  vehicle  shape.  He 
will  first  divide  the  vehicle  into  a  number  of  logical  components  or  sections. 

The  division  should  be  based  not  only  on  the  physical  character  of  the 
shape  but  also  on  the  requirements  to  use  different  pressure -calculation 
methods  on  different  parts  of  the  vehicle.  The  method  of  preparing  the 
geometry  data  for  each  component  is  then  selected.  A  typical  application 
will  usually  involve  some  geometry  data  loaded  by  hand,  by  using  the  surface 
element  or  the  parametric -cubic  methods,  and  some  data  (such  as  nose  and 
leading-edge  components)  generated  by  the  internal  elliptical-surface - 
generation  routine  with  a  minimum  of  input  data. 

In  the  example  presented  in  Figures  11  and  12  it  was  decided  to  describe  the 
vehicle  nose,  body  leading  edge,  and  vertical-fin  leading  edge  with  the  ellipse - 
generation  option.  The  rest  of  the  vehicle  was  described  by  using  the  surface - 
element  input  method.  The  final  representation  of  the  vehicle  is  shown  in 
Figures  13  and  14. 

Before  proceeding  with  this  discussion,  several  important  (and  often 
confused)  geometry  terms  should  be  defined. 

Surface  Element:  This,  the  smallest  geometry  unit,  consists 

of  four  related  points  on  the  surface  of  the 
vehicle  and  the  area  enclosed  by  lines 
connecting  successive  points.  All  geometry 
data  must  eventually  be  made  available  to 
the  program  in  surface -element  form. 

Plane  Quadrilateral 

Element:  Each  surface  element  is  converted  by  the 

program  into  a  plane  quadrilateral  element. 
The  plane  quadrilateral  element  is  the 
basic  geometric  unit  used  in  the  force 
calculations.  This  unit,  in  effect,  is  the 
integration  step  size  and  is  fixed  once  the 
surface  element  representation  of  the  shape 
is  established. 
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Cross-Section  Cut: 


A  cross-section  cut  is  that  view  obtained 
by  cutting  the  vehicle  in  the  longitudinal 
plane  (Z,  Y  plane),  at  a  constant  X -station. 

Vehicle  Section:  A  vehicle  section  consists  of  an  aggregation 

of  surface  elements  that  have  similar  size 
and  proportions.  In  general  practice,  the 
vehicle  section  is  selected  first,  and  then 
the  section  is  divided  into  a  number  of 
smaller  units  called  surface  elements.  Do 
not  ronfuse  the  word  "section"  with  the  word 
"cross-section.  " 

Vehicle  Component:  A  vehicle  component  is  usually  thought  of  as 

being  a  major  portion  of  the  vehicle,  such  as 
body,  wing,  or  tail.  In  this  program  a  com¬ 
ponent  is  defined  as  being  a  part  of  the  ve¬ 
hicle  over  which  the  user  wishes  to  use  one 
given  pressure-calculation  method.  The 
term  "component"  is  also  used  to  define  a 
portion  of  the  vehicle  that  the  user  wishes  to 
be  analyzed  as  a  separate  unit  (i.e.,  to  pro¬ 
vide  information  on  the  contribution  of  each 
part  of  the  vehicle  to  the  overall  character¬ 
istics).  A  component  may  consist  of  one  or 
more  vehicle  sections. 

Parametric  Cubic  Patch:  A  parametric  cubic  patch  is  a  portion  of  the 

vehicle  surface  to  be  described  by  the  para¬ 
metric-cubic  method.  Input  data  to  the  para- 
metric-cubic  method  consist  of  coordinates 
along  the  four  boundaries  of  a  surface  patch. 
The  program  converts  the  patch  to  a  number 
of  surface  elements,  as  specified  by  the  user. 
The  resulting  set  of  surface  elements  con¬ 
stitutes  a  vehicle  section  (it  is  also  possible 
to  combine  several  patches  to  form  a  single 
section). 

After  the  user  has  divided  the  vehicle  into  a  number  of  vehicle  sections,  he 
will  find  it  helpful  to  identify  each  section  by  a  letter  or  number.  Many 
users  then  color  the  cross-section  drawing,  using  a  different  color  for  each 
vehicle  section.  This  helps  to 'prevent  confusion  in  reading  the  coordinates 
of  points  in  each  section  and  reduces  the  number  of  reading  errors.  For 
some  portions  of  the  vehicle,  such  as  leading  edges  and  fillets,  larger 
scale  cross-section  drawings  may  be  useful. 


The  coordinate  system  used  in  recording  geometry  data  is  shown  on  page 
86.  Throughout  this  manual,  the  definitions  of  left  and  right  and  up  and 
down  are  based  on  the  assumption  that  the  user  is  sitting  in  the  vehicle  and 
facing  forward.  The  conventional  approach  is  to  always  input  geometry 
data  for  the  left  side  of  the  vehicle  only  (providing  the  vehicle  is  symmetri¬ 
cal  about  the  X,  Z  plane).  It  is  also  standard  practice  to  have  the  nose  of 
the  vehicle  at  the  center  of  the  axis  system,  with  the  vehicle  extending  aft 
in  the  negative  X-direction.  Although  the  program  is  general,  in  tb-»t  other 
loading  techniques  may  be  used  (i.e.,  base  of  the  vehicle  at  the  center  of 
the  coordinate  system  and  the  nose  at  some  positive  X -value),  maximum 
benefit  can  be  gained  from  the  descriptions  and  examples  in  this  manual  if 
the  above  procedures  are  used. 

The  process  of  loading  the  geometry  data  may  vary  from  a  short  10-minute 
job  for  a  very  simple  shape,  to  as  much  as  2  or  3  days  for  a  very  complex 
arbitrary  shape  being  loaded  completely  by  hand.  Because  of  the  simplicity 
of  the  input  surface  data  (X,  Y,  Z  coordinates  only)  it  is  possible  to  apply  a 
semiautomatic  data  reading  system  to  completely  overcome  the  problem  of 
reading  and  recording  the  large  number  of  surface  points  required  to  describe 
a  very  complex  shape.  Several  data-analy sis -equipment  manufacturers  pro¬ 
duce  models  of  X-Y  reader-recorder  equipment  suitable  for  this  purpose. 

Regardless  of  the  time  required  to  prepare  the  geometry  data,  the  user 
should  realize  that,  once  the  data  are  read,  he  may  perform  many  sub¬ 
sequent  analysis  studies  with  this  shape  by  inputting  to  the  program  only 
the  necessary  program  control  data. 

The  preparation  of  input  geometry  data,  the  necessary  AERO  program  con¬ 
trol  data,  and  the  subsequent  production  of  vehicle  pictures  by  the  Picture 
Drawing  Program,  require  an  understanding  of  the  purpose  and  methods  of 
handling  the  geometry  storage  tape  (Tape  Unit  8).  The  important  features 
of  this  aspect  are  illustrated  in  Figure  8,  by  the  flow  chart  on  page  C-17, 
and  also  by  the  outline  below. 

1.  All  input  geometry  data,  regardless  of  form  (i.e.,  ellipse,  para¬ 
metric  cubic)  must  eventually  be  converted  to  surface -element 
form,  so  that  the  plane  quadrilaterals  can  be  constructed  by  the 
SDATA  routine. 

2.  Surface -element  data  generated  by  the  ellipse-generation  option, 
by  the  parametric -cubic  method,  or  by  an  auxiliary  program  such 
as  the  slab-delta-wing  routine,  are  recorded  on  the  geometry 
storage  tape  (Tape  8)  in  surface-element  form. 

3.  Each  of  the  program  geometry  options  has  an  input  flag  that  controls 
the  position  of  Tape  8  after  the  option  has  written  element  data  on  it. 

4.  The  position  of  Tape  8  at  the  start  of  each  problem  phase  is  also 
controllable  by  an  input  flag  (Tape  8  may  be  left  in  its  current 
position  or  be  completely  rewound). 

5.  Geometry  data  originally  input  in  surface -element  form  from  the 
standard  input  tape  (Tape  5)  may  also  be  copied  onto  Tape  8. 
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6.  As  was  mentioned  previously,  surface -element  data  must 

eventually  be  converted  by  the  program  into  plane -quadrilateral 
data.  In  the  process,  the  element  data  may  be  scaled  or 
shifted  relative  to  the  original  coordinate  system  by  inputting 
scaling  factors  and  scale- shift  increments.  An  input  flag 
(ITAPE)  is  provided  to  designate  whether  the  element  data 
to  be  converted  to  quadrilaterals  will  be  read  from  the 
standard  input  tape  (Tape  5)  or  from  the  geometry  storage 
tape  (Tape  8).  If  the  element  data  are  being  read  from 
Tape  8,  the  flag  also  determines  whether  the  reading  of 
data  is  to  start  with  Tape  8  in  its  current  position  or  if  the 
tape  is  to  be  rewound  to  the  beginning  before  reading  starts. 

This  option  will  be  more  understandable  after  a  reading  of 
the  detailed  description  of  the  program  input  control  flags 
and  studying  page  C-17. 

As  the  user  sets  up  his  problem,  he  will  find  it  helpful  to  keep 
a  running  chart  indicating  the  position  of  Tape  8  for  each  part 
of  the  problem. 

Verification  of  Geometry  Data 

Once  the  input  geometry  data  are  prepared,  the  user  has  a  decision  to 
make.  If  the  geometry  of  the  vehicle  is  very  simple  and  the  user  has  con¬ 
fidence  that  there  are  no  errors  in  the  data,  he  may  elect  to  make  an  all- 
in-one  machine  pass.  In  this  case  the  geometry  data  can  be  submitted 
with  necessary  AERO  Program  control  data,  and  the  program  is  run.  But 
it  is  wise  to  first  verify  the  accuracy  of  the  geometry  data  by  use  of  the 
Picture  Drawing  option.  If  the  vehicle  is  described  completely  by  surface- 
element  data,  these  data  may  be  submitted  directly  to  the  Picture  Drawing 
Program  option.  However,  in  most  cases  the  vehicle  will  be  described  by 
a  combination  of  input  surface -element  data,  ellipse -generation  data,  and 
parametric -cubic  data.  For  this  type  of  problem,  the  raw  geometry  data 
are  submitted  to  the  AERO  part  of  the  program,  where  they  are  converted 
into  surface-element  data  (if  required)  and  placed  on  the  geometry  storage 
tape  (Tape  8).  During  this  operation  it  is  not  necessary  to  have  the  pro¬ 
gram  convert  the  element  data  into  quadrilaterals,  since  a  control  flag 
will  be  used  to  bypass  the  force -calculation  part  of  the  AERO  program 
(IRET1).  After  the  geometry  data  have  been  assembled  onto  Tape  8  in 
surface -element  form,  system  control  is  returned  to  the  Executive  Pro¬ 
gram.  The  Executive  Program  then  passes  control  to  the  Picture  Drawing 
Option,  where  the  surface -element  data  on  Tape  8  are  read  and  pictures 
are  produced. 


Examination  of  pictures  of  the  vehicle  from  several  different  viewing 
angles  will  permit  the  detection  of  ell  geometry  errors.  Errors  in  the 
original  raw  geometry  data  are  then  corrected  before  the  data  are  resub¬ 
mitted  to  the  program  for  aerodynamic  computations.  On  the  final  machine 
pass,  pictures  may  again  be  produced  to  verify  the  correction  and  to  serve 
as  a  final  record  of  the  geometry  representation  used  in  the  aerodynamic 
analysis. 
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AERO  PROGRAM  CONTROL 


The  organization  of  the  input  data  for  the  AERO  program  is  discussed  in 
detail  in  a  later  section  of  the  manual.  At  this  time  we  need  only  furnish  a 
few  guiding  principles.  The  input  data  for  the  AERO  program  is  "free 
form"  in  nature;  that  is,  the  order  of  input  cards  depends  upon  the  problem 
being  solved.  The  order  in  which  the  program  expects  to  read  input  cards  is 
controlled  by  special  flags  on  previous  input  cards.  The  general  features  of 
the  AERO  program  input  data  technique  are  shown  on  page  C-17.  A  thorough 
study  of  this  diagram  will  indicate  a  number  of  important  AERO  program 
control  concepts.  First,  each  component  of  a  vehicle  may  be  analyzed  by  the 
program  as  though  it  were  a  complete  vehicle  by  itself.  The  resulting  aero¬ 
dynamic  characteristics  may  be  saved  for  subsequent  summation,  along  with 
those  of  other  components,  to  give  the  complete  vehicle  characteristics. 

This  technique  permits  the  user  to  perform  a  complete  buildup  of  the  vehicle 
characteristics,  component  by  component.  However,  the  user  is  cautioned 
that  the  program  does  not  account  for  interference  or  mutual- inter  action 
effects  between  components. 


PRESSURE -CALCULATION  METHODS 

•  ’ 

The  pres  sure- calculation  method  is  the  most  important  single  piece  of 
data  input  to  the  AERO  program.  A  complete  discussion  of  this  part  of 
the  problem  solution  is  beyond  the  scope  of  this  report.  Such  a  discussion 
would  involve  a  review  and  presentation  of  information  available  in  numer¬ 
ous  hypersonic  textbooks  and  in  hundreds  of  technical  reports.  Therefore, 
only  a  brief  discussion  of  this  problem  will  be  included  in  this  report  (see 
Appendix  A). 

The  aerodynamic  literature  contains  descriptions  of  many  different 
methods  for  calculating  the  pressures  on  hypersonic  vehicles.  Each 
method  is  tailored  to  a  particular  application,  either  by  the  geometry 
assumed  or  by  the  assumptions  made  in  the  gas -dynamics  relationships. 

It  is  obvious  that  no  one  method  will  suffice  for  all  shapes  and  flight  con¬ 
ditions.  Indeed,  different  methods  must  frequently  be  used  for  different 
components  of  a  single  vehicle.  The  logical  approach  in  the  development 
of  this  analysis  system  was  to  include  a  large  number  of  different  force - 
calculation  methods.  As  new  methods  are  devised  and  validated,  they 
may  be  added  to  this  system.  The  selection  of  the  proper  method  in  a 
given  application  depends  upon  the  vehicle -component  shape  and  flight 
condition  and  must  be  selected  by  the  engineer  on  the  basis  of  his  know¬ 
ledge  and  experience  in  the  use  of  each  method. 

The  Mark  III  Version  of  the  Hypersonic  Arbitrary  Body  Aerodynamic 
Computer  Program  System  contains  the  following  pressure-calculation 
methods.  These  methods,  along  with  the  pertinent  references,  are 
discussed  in  more  detail  in  Appendix  A. 

1.  Modified  Newtonian.  The  modified  Newtonian  method  is  probably 
the  most  widely  used  of  all  the  hypersonic  force  analysis  tech¬ 
niques  because  of  its  simplicity  and  experimentally  confirmed 


accuracy  for  many  hypersonic  problems.  In  its  purely  empirical 
form,  the  modified  Newtonian  relationship  is  Cp  =  K  sin^6  where 
K  is  an  empirical  correlation  factor.  In  general,  K  is  a  function 
of  Mach  number,  angle  of  attack,  component  shape,  and  gas  com¬ 
position.  The  use  of  relatively  simple  techniques  such  as  modified 
Newtonian,  when  combined  with  empirical  correlations  and  an 
arbitrary  body-surface-description  method,  provides  a  powerful 
tool  for  analyzing  many  hypersonic  shapes. 

Modified  Newtonian  +  Prandtl-Meyer .  This  method  is  useful  for 
the  nose  regions  of  very  blunt  shapes.  The  flow  model  used 
assumes  a  blunt  body  with  a  detached  shock,  followed  by  an  expan¬ 
sion  around  the  body  to  supersonic  conditions.  As  the  name 
indicates,  the  method  uses  a  combination  of  modified  Newtonian 
and  Prandtl-Meyer  expansion  theory.  Modified  Newtonian  theory 
is  used  along  the  body  until  a  point  is  reached  where  both  the 
pressure  and  the  pressure  gradient  match  those  that  would  be 
calculated  by  a  continuing  Prandtl-Meyer  expansion. 

Tangent  Wedge.  This  method  is  frequently  used  to  calculate  the 
pressures  on  sharp  two-dimensional  bodies.  This  method  has  been 
suggested  by  the  results  of  more  nearly  exact  theories  that  show 
that  the  pressure  on  a  relatively  flat  surface  in  impact  flow  is 
primarily  a  function  of  local  surface  slope.  In  this  method,  a 
plane  surface  is  assumed  to  be  tangent  to  the  vehicle  at  the  point 
being  studied.  The  surface  pressure  is  assumed  to  be  the  same 
as  would  exist  on  this  tangent  plane.  The  tangent-plane  pressure 
is  calculated  with  conventional  oblique -shock  relationships.  This 
method  will  give  useful  results  up  to  the  shock-detachment  condi¬ 
tion. 

Tarn  gent -Wedge  Empirical.  This  method  is  similar  to  the  tangent- 
wedge  method  (oblique -shock  tables)  but  is  empirical  in  nature  and 
does  not  require  the  use  of  the  oblique -shock  tables.  The  empirical 
relationship  used  will  also  give  a  smooth  trend  of  pressure  through 
the  shock-detachment  condition  and  on  to  the  blunt  stagnation 
condition.  At  high  angles  of  attack  the  pressures  obtained  will 
approximate  oblique -shock  values  calculated  with  an  infinite  Mach 
number. 

Tangent  Cone  Empirical.  The  computation  of  exact  cone  properties 
would  not  be  possible  in  a  program  of  this  size.  Instead,  tangent- 
cone  results  are  obtained  through  the  use  of  a  simple  empirical 
equation.  The  principle  involved  in  the  use  of  tangent-cone 
theory  are  similar  to  those  used  for  tangent-wedge  except  that 
the  method  is  usually  used  for  curved  shapes  such  as  bodies  of 
revolution  and  for  very  highly  swept  surfaces.' 

OSU  Blunt  Body  Empirical.  This  empirical  method  may  be  used 
to  determine  the  pressure  distribution  about  cylinders  in  super¬ 
sonic  flow.  It  should  not  be  used  on  the  afterbody  portions  of  a 
vehicle. 


Van  Dyke  Unified  Method.  (Small  disturbance.)  This  force  - 
calculation  method  is  based  on  the  unified  supersonic -hypersonic 
small-disturbance  theory  proposed  by  Van  Dyke  as  applied  to 
bafcic  hypersonic-similarity  results.  The  method  is  useful  for 
thin  profile  shapes  and,  as  the  name  implies,  is  applicable  down 
to  the  supersonic  speed  region. 

Blunt-Body  Shear  Force  Method.  This  force  calculation  option 
is  used  to  calculate  the  skin  friction  shear  force  contributions  on 
very  blunt  shapes.  Even  though  this  is  not  really  an  inviscid 
pressure  method  it  is  included  in  this  list  because  its  use  in  the 
program  is  similar  to  the  other  inviscid  pressure  methods.  Force 
contributions  calculated  by  this  method  must  be  added  to  results 
obtained  with  the  regular  inviscid  pressure  calculation  methods 
(usually  modified  Newtonian  or  modified  Newtonian  +  Prandtl- 
Meyer).  The  method  is  applicable  over  a  wide  Reynolds  number 
range  although  the  results  are  more  significant,  in  terms  of 
effect  on  the  total  vehicle  characteristics,  at  the  lower  Reynolds 
number  flight  conditions. 

Shock-Expansion  Method.  (Strip-Theory.)  This  force -calculation 
method  is  based  on  classical  shock-expansion  theory.  In  this 
method,  the  surface  elements  are  handled  in  a  strip-theory  manner. 
The  characteristics  of  the  first  element  of  each  longitudinal  strip 
of  elements  may  be  calculated  by  oblique -shock  theory,  by  conical- 
flow  theory,  by  a  delta-wing  empirical  method,  or  by  a  Prandtl- 
Meyer  expansion.  Downstream  of  the  initial  element,  the  forces 
are  calculated  either  by  a  Prandtl-Meyer  expansion  or  oblique- 
shock  methods.  By  a  proper  selection  of  the  element  orientation, 
the  method  may  be  used  both  for  winglike  shapes  and  for  more  com¬ 
plex  body  shapes.  For  the  latter,  the  method  operates  in  a  hyper¬ 
sonic-shock-expansion-theory  mode.  This  method  is  used  when  it 
is  necessary  to  account  for  the  effects  of  surface  corners  (such  as 
the  extension  from  a  forward  lower-ramp  to  an  aft  flat  surface  on 
many  typical  high  lift-to-drag- ratio  reentry  vehicles).  The  user 
should  take  special  note  that  this  method  can  be  applied  only  within 
one  single  section  of  a  vehicle.  Also,  the  shock-expansion  computa¬ 
tions  are  performed  in  a  stripwise  mode  where  the  flow  direction  is 
as  defined  by  the  input  strip  of  surface  elements.  The  first  element 
in  each  streamwise  strip  of  each  vehicle  section  is  defined  as  being 
the  leading -edge  element. 

Free  Molecular  Flow.  This  method  is  used  for  flight  at  very 
high  altitudes,  where  conventional  continuum-flow  theory  fails 
and  one  must  begin  to  consider  the  general  macroscopic  mass, 
force,  and  energy-transfer  problem  at  the  body  surface.  This 
condition  occurs  when  the  air  is  sufficiently  rarefied  so  that  the 
mean  free  path  of  the  molecules  is  much  greater  than  a  charac¬ 
teristic  body  dimension. 

Input  Pressure  Coefficient.  In  some  situations  the  user  may  wish 
to  impose  a  known  pressure  coefficient  over  a  portion  of  the 
vehicle  shape.  This  is  most  frequently  used  when  accounting  for 
base-pressure  effects. 
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12.  Hankey  Flat-Surface  Empirical.  This  method  uses  an  empirical 
correlation  for  lower  surface  pressures  on  blunted  flat  plates.  The 
method  approximates  tangent-wedge  at  low  impact  angles  and 
approaches  Newtonian  at  the  high  impact  angles. 

13.  Delta-Wing  Empirical  Method.  This  method  uses  an  empirical 
relationship  derived  from  tunnel  data  on  delta-wing  surfaces. 

At  low  angles  of  attack,  the  results  approximate  tangent-wedge 
pressures;  at  high  angles  of  attack,  they  approach  cone  and 
Newtonian  results. 

14.  Dahlem-Buck  Empirical  Method.  This  method  uses  empirical 
relationships  that  approximate  tangent- cone  results  at  low  im¬ 
pact  angles  and  Newtonian  at  high  impact  angles. 

15.  Blast  Wave  Pressure  Increments.  This  method  uses  conven¬ 
tional  blast-wave  relationships  to  calculate  pressure  increments 
due  to  bluntness  effects.  Force  contributions  calculated  by  this 
method  must  be  added  to  the  forces  calculated  using  the  regular 
tangent -surface  pressure  forces  as  calculated  over  the  same 
surface  geometry. 

16.  Modified  Tangent-Cone.  This  method  was  originally  developed 
for  use  on  elliptical  cones.  The  method  modifies  regular  tangent- 
cone  results  by  an  increment  representing  the  tangent-cone 
pressure  deviation  from  the  average  surface  pressure  divided 

by  the  average  surface  Mach  number. 

17.  Boundary  Layer  Induced  Pressures.  This  method  calculates  the 
vehicle  force  increments  caused  by  boundary  layer  displacement 
effects.  These  force  increments  should  be  added  to  the  regular 
inviscid  vehicle  force  characteristics.  For  this  method  the 
boundary  layer  induced  pressures  are  calculated  using  the  vehicle 
skin  friction  geometry  model.  The  data  deck  set-up  must  be 
exactly  like  that  used  for  the  skin  friction  calculations.  The 
boundary  layer  induced  pressures  are  corrected  for  three-dimen¬ 
sional  effects  using  the  skin  friction  element  planform  information. 
If  the  tangent-cone  method  is  uued  to  calculate  the  local  flow  pro¬ 
perties,  a  correction  to  the  induced  pressure  calculations  will 
also  include  the  effect  of  this  conical  deviation  from  oblique  shock 
results. 

18.  Prandtl-Meyer  Expansion  from  Free  Stream.  In  this  method  the 
flow  is  assumed  to  have  expanded  from  free -stream  conditions 

to  the  local  surface  slope.  The  method  is  useful  for  the  shadow 
portions  of  the  vehicle  when  the  use  of  shock-expansion  is  not 
possible. 


Before  the  program  calculates  the  pressure  on  each  surface  element,  it 
checks  to  see  if  the  element  is  facing  the  flow  (in  an  impact  region)  or 
facing  away  from  the  flow  (in  a  shadow  region)-  The  method  to  be  used 
in  calculating  the  pressure  in  impact  and  shadow  regions  may  be  specified 
independently.  A  summary  of  the  program  pressure  options  is  presented 
below. 

PRESSURE  CALCULATION  METHODS  -  MARK  HI  MOD  0  PROGRAM 


Impact  Flow 


1.  Modified  Newtonian  1. 

2.  Modified  Newtonian*  Prandtl-Meyer  2. 

3.  Tangent-wedge  3. 

4.  tangent -wedge  empirical  4. 

5.  Tangent- cone  5. 

6.  OSU  blunt-body  empirical  6. 

7.  Van  Dyke  Unified  7. 

8.  Blunt-body  skin  friction  8. 

9*  Shock- expansion  9. 

10.  Free-molecular  flow  10. 

11.  Input  pressure  coefficient 


12.  Hankey  flat- surface  empirical 

13.  Delta  wing  empirical 

14.  Dahlem-Buck  empirical 

15.  Blast  wave 

16.  Modified  tangent- cone 

17.  Boundary  layer  induced  pressures 


Shadow  Flow 

Newtonian  (Cp  =  0) 

Modified  Newtonian  +  Prandtl-Meyer 
Prandtl-Meyer  from  free-stream 
OSU  blunt  body  empirical 
Van  Dyke  Unified 

High-Mach  base  pressure  (Cp=  -1/M^) 

Shock-expansion 

Input  pressure  coefficient 

Free-molecular  flow 

Boundary  layer  induced  pressures 


The  user  should  note  that  the  program  handles  each  element  separately, 
as  though  it  were  the  entire  vehicle  (with  the  exception  of  the  shock- 
expansion  methods).  The  program  does  not  have  any  way  of  determining 
if  some  other  portion  of  the  vehicle  blocks  the  flow  from  the  element.  This 
type  of  situation  must  be  handled  by  a  proper  selection  of  geometry  descrip¬ 
tion  methods  and  by  careful  deletion  of  those  portions  of  the  geometry  that 
would  be  subjected  to  shielding.  The  user  may  easily  determine  what  por¬ 
tions  of  the  vehicle  would  be  shielded  by  other  parts  at  different  .ingles  of 
attack  by  having  the  Picture  Drawing  Program  draw  pictures  of  the  vehicle 
at  the  desired  flight  condition. 

In  all  methods  except  the  shock-expansion  and  the  Newtonian  +  Prandtl- 
Meyer,  the  pressure  depends  only  on  the  angle  that  the  local  surface  makes 
with  the  free-stream  flow.  All  these  local  slope -dependent  methods  are  par¬ 
ticularly  applicable  to  the  hypersonic  arbitrary-body  problem,  since  the 
interaction  cf  different  vehicle  elements  is  assumed  to  be  negligible. 
Fortunately,  this  is  true  of  many  hypersonic  problems. 
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VISCOUS  FORCES 


The  most  difficult  part  of  the  analysis  of  arbitrary  shapes  is  the  calculation 
of  viscous  forces.  The  natural  complexity  of  the  boundary -layer  equations 
requires  considerable  simplification  before  solutions  can  be  obtained.  The 
analysis  of  the  arbitrary-body  boundary  layer  is  hampered  by  two  basic 
problems:  (1)  the  boundary- layer  properties  at  a  given  point  on  the  vehicle 
require  knowledge  of  the  previous  flow  history  along  surface  streamlined, 
and  (2)  as  a  result  of  longitudinal  and  transverse  surface  curvature,  complex 
surface  gradients  are  present.  It  is  sufficient  to  state  that  a  unified  theory 
that  deals  with  the  three-dimensional  boundary  layer  does  hot  exist. 

Notwithstanding  the  difficulties  of  this  problem,  an  approach  has  been 
selected  that  retains  the  essential  characteristics  of  the  hypersonic¬ 
boundary -layer  problem  and  gives  sufficient  accuracy  for  most  purposes. 

In  this  approach,  no  attempt  is  made  to  calculate  the  detailed  skin  friction 
over  the  exact  surface  of  the  arbitrary  shape  used  fcr  the  pressure  calcu¬ 
lations.  Instead,  a  separate  geometry  model  is  used  that  contains  a  fewer 
number  of  elements  (usually  10  to  20  elements),  yet  still  approximates  the 
major  features  of  the  vehicle.  The  regular  surface  element  input  method 
is  used  in  preparing  this  geometry  data.  A  comparison  of  the  geometry 
data  usually  prepared  for  the  pressure  calculations  and  the  skin  friction 
geometry  model  is  presented  in  Figure  15. 

Each  element  of  the  skin  friction  geometry  model  is  treated  as  a  separate 
skin  friction  surface.  The  orientation  and  position  of  each  skin  friction 
surface  element  is  determined  using  the  same  procedures  as  for  the  in- 
viscid  pressure  calculations.  However,  in  addition  to  these  data,  addi¬ 
tional  information  is  needed  before  the  skin  friction  calculations  can  be 
made.  This  information  includes  data  that  defines  the  boundary  layer  flow 
history  in  reaching  each  element,  and  that  indicates  the  planform  shape  of 
the  element  over  which  the  shear  forces  are  to  be  integrated.  This  is 
accomplished  by  the  use  of  an  initial  surface  in  front  of  each  skin  friction 
element.  This  information,  together  with  several  skin-friction  option 
selection  flags,  is  input  on  skin  friction  data  cards. 

The  skin  friction  calculations  also  require  knowledge  of  the  local  flow 
properties  (pressure,  Mach  number,  and  temperature)  on  each  skin-fric¬ 
tion  element.  These  data  are  calculated  uping  several  of  the  methods 
provided  for  use  in  the  detailed  inviscid-pressure  calculations.  The 
options  provided  for  this  purpose  are  tangent-wedge,  tangent-cone,  delta¬ 
wing  empirical,  Prandtl-Meyer  expansion  from  free -stream,  and  blunt 
body  Newtonian-Prandtl-Meyer. 

i 

The  free-stream-flow  properties  required  in  the  skin  friction  calculations 
maybe  determined  either  from  the  U.  S.  1962  Standard  Atmosphere  routine 
provided  in  the  program  or  by  using  input  wind-tunnel  conditions  of  stagna¬ 
tion  pressure  and  temperature.  The  latter  calculations  use  ideal-gas 
isentropic  relationships  for  air.  To  match  the  stream  flow  conditions  for 
some  High-temperature  hypersonic  test  facilities,  the  user  will  have  to 
make  some  adjustments  in  input  stagnation  pressure  and  temperature  to 
account  for  real-gas  effects. 
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After  the  local  flow  properties  on  the  skin  friction  element  have  been 
determined  the  program  will  proceed  with  the  calculation  of  the  element 
wall  temperature  and  the  resulting  skin  friction  forces.  The  options  pro¬ 
vided  in  the  program  for  these  calculations  are  the  reference  temperature 
and  reference  enthalpy  methods  (for  both  laminar  and  turbulent  flows), 
and  the  Spalding-Chi  method  for  turbulent  calculations  (using  either  tem¬ 
perature  or  enthalpy  ratios).  The  surface  temperature  is  either  input  to 
the  program  or  the  radiation  equilibrium  value  determined  using  the 
selected  option. 

The  user  should  note  that  the  skin  friction  geometry  model  is  provided 
for  the  primary  purpose  of  establishing  the  orientation  and  position  of 
the  desired  skin  friction  surface  elements  (element  centroid  and  surface 
normal).  The  wetted  area  of  each  skin  friction  element  may  be  either 
input  on  the  skin  friction  data  card  or  calculated  from  the  geometry  model 
(if  skin  friction  data  card  area  is  input  as  0.0).  These  options  are  pro¬ 
vided  because  the  desired  element  wetted  area  may  differ  from  the  skin 
friction  geometry  model  area  due  to  the  deletion  of  local  surface  curva¬ 
tures.  The  exact  surface  areas  for  each  part  of  the  vehicle  may  be 
obtained  either  from  the  printed  output  from  the  Picture  Drawing  Program 
or  from  the  AERO  program.  This  of  course  requires  a  preliminary  pro¬ 
gram  run  with  the  corrected  geometry  data.  The  vehicle  aerodynamic 
characteristics  need  not  be  calculated  on  this  machine  pass  unless  the 
user  wants  to  obtain  inviscid-characteristic  results. 

The  skin  friction  calculations  include  the  effects  of  viscous-inviscid  inter¬ 
actions  on  the  shear  forces.  The  contribution  of  these  effects  to  vehicle 
pressure  forces  maybe  obtained  with  the  use  of  the  boundary-layer  in¬ 
duced  pressure  option  provided  in  the  normal  inviscid  pressure  part  of 
the  program.  The  deck  set-up  for  these  calculations  is  exactly  like  that 
required  for  the  skin  friction  calculations  (complete  with  skin  friction 
geometry  model  and  skin  friction  data  cards)  except  for  the  specification 
of  the  pressure  calculation  method  options. 

The  above  discussions  have  been  primarily  concerned  with  skin  fric  on 
calculations  on  slender  configurations.  However,  blunt  shapes  such  as 
the  early  space  capsules  may  also  be  strongly  influenced  by  viscout 
effects  at  some  flight  conditions.  A  separate  skin  friction  option  is  pro¬ 
vided  within  the  program  for  this  type  of  application.  Because. the  analysis 
methods  used  are  only  local-slope  dependent  these  calculations  maybe 
performed  over  the  surface  of  the  detailed  inviscid-geometry  model  rather 
than  using  a  separate  and  simplified  skin  friction  geometry  model.  The 
blunt  body  viscous  option  is,  therefore,  used  in  a  manner  similar  to  the 
other  inviscid  force  calculation  options.  The  viscous  force  increments 
obtained  must  then  be  added  to  the  regular  inviscid  pressure  force  contri¬ 
butions  using  the  program  component- summation  techniques. 
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PROPULSION  EFFECTS 


C 


The  design  and  operation  of  an  air-breathing  propulsion  system  of  a  hyper¬ 
sonic  vehicle  can  have  a  strong  influence  on  vehicle  stability  and  control 
characteristics.  For  some  aircraft,  such  as  scramjet-powered  vehicles, 
the  engine,  including  the  inlet  and  exhaust  system,  may  be  highly  integrated 
into  the  vehicle  design.  For  these  configurations,  the  bookkeeping  system 
as  to  what  is  engine  and  what  is  airplane  is  no  longer  easy  to  resolve.  A 
detailed  analysis  of  this  type  of  problem  is  obviously  beyond  the  scope  of 
this  computer  program  system.  The  program  does,  however,  have  the 
capability  of  properly  using  the  results  from  more  detailed  propulsion 
studies  in  evaluating  the  total-vehicle  stability  characteristics.  If  the  user 
wishes,  he  may  input  to  a  program  several  force  vectors  that  represent 
the  major  component  forces  created  by  the  engine  system.  The  vector 
relationships  for  a  simple  engine  system  are  illustrated  in  the  diagram 
below.  Also  shown  is  the  coordinate  system  used  in  preparing  the  force 
vector  data  for  use  by  the  program. 
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The  input  data  to  the  program  include  the  magnitude  of  each  force,  its 
direction,  and  its  point  of  application  on  the  vehicle  relative  to  the  center  of 
gravity.  The  use  of  the  input  thrust-vector  part  of  the  program  should  be 
restricted  to  basic -vehicle -coefficient  computations.  Thrust-vector  effects 
on  vehicle  stability  derivatives  are  not  obtained  directly  by  the  program. 
However,  these  effects  on  the  stability  derivatives  may  be  obtained  by  calculat¬ 
ing  vehicle  static  coefficients  at  two  different  angles  of  attack  and  computing 
the  derivatives  by  hand. 


CONTROL-SURFACE  EFFECTS 

Several  comments  should  be  made  relative  to  the  program  computation  of 
control-surface  effects.  First,  the  program  is  capable  of  analyzing  a 
vehicle  with  any  number  of  control  surfaces,  and  the  various  surfaces  may 
be  deflected  in  different  directions.  The  program  is  also  capable  of  calcu¬ 
lating  control-surface  derivatives  and  surface  hinge  moments.  Because  of 
this  very  general  and  flexible  approach  to  the  control-surface  problem,  the 
user  will  have  to  apply  special  care  in  the  interpretation  of  the  output  data 
and  in  the  sign  convention  used  for  control-surface  deflections. 

The  boundary  layer  flow-  s  eparation  phenomenon  is  an  important  feature  of  the 
flow  about  a  hypersonic  control  surface.  Flow  separation  on  the  control 
surface  and  on  the  surface  of  the  vehicle  ahead  of  the  control  can  have  a 
pronounced  influence  on  control  effectiveness.  This  is  a  very  difficult 
problem  to  analyze  theoretically.  However,  the  use  of  a  simplified  flow 
model  and  empirical  boundary-layer- separation  data  allows  the  solution 
of  this  problem  with  sufficient  accuracy  for  most  preliminary  design  pur¬ 
poses. 

To  properly  account  for  these  flow- separation  effects,  it  has  been  necessary 
to  establish  certain  fixed  procedures  to  be  used  in  representing  a  control- 
surface  geometry  for  the  program.  These  procedures  are  discussed  below. 

Each  vehicle  control  surface  must  be  analyzed  as  a  separate  vehicle  com¬ 
ponent.  The  geometry  of  the  control  surface  is  input  to  the  program  in  the 
undeflected  position.  The  program  will  take  care  of  deflecting  this  surface 
to  the  proper  position  as  required.  The  hinge  line  cf  each  control  surface 
must  be  a  straight  line.  For  many  hypersonic  flight  conditions,  the  deflec¬ 
tion  of  a  control  surface  will  cause  flow  separation  on  the  vehicle  surface 
ahead  of  the  flap.  To  permit  the  proper  analysis  of  this  effect,  the  user 
must  input  the  surface  of  the  vehicle  that  may  be  influenced  and  at  the  same 
time  input  the  control- surface  geometry.  The  vehicle  surface  just  ahead  of 
the  flap  is  called  the  flap  "fore-surface."  Since  the  program  will  use 
shock-expansion  techniques  to  analyze  the  separation  effects,  it  is  neces¬ 
sary  that  the  fore-surface  and  the  flap  have  the  same  number  of  streamwise 
strips  of  elements.  It  is  also  necessary  that  each  strip  contain  a  sufficiently 
large  number  of  elements  so  that  the  flow- separation  pressures  can  be 
properly  distributed  along  the  vehicle. 

In  the  Mark  III  version  of  the  System,  the  fore-surface  and  control-flap- 
geometry  data  are  stored  on  magnetic  tapes.  Because  of  this,  machine 
computation  times  for  control  surfaces  are  relatively  high. 
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The  input  fore -surface  and  flap -geometry  element  data  must  be  arranged  in 
a  sWpwiso  order  (IORIEN  >  i). 

In  the  preparation  of  control- surface  geometry  data,  each  side  of  the  control 
surface  is  handled  as  a  separate  vehicle  component.  And,  regardless  of  the 
orientation  of  the  fore -surface  and  control  flap,  a  positive  control- surface 
deflection  always  means  that  the  flap  is  deflected  outward  into  the  flow. 

This  may  cause  some  users  difficulty  in  analyzing  the  program  results,  but 
it  is  necessary  to  maintain  the  complete  generality  desired  within  the  pro¬ 
gram.  A  negative  surface  hinge  moment  represents  forces  tending  to  return 
the  surface  to  the  undeflected  position. 

A  control  surface  may  be  oriented  in  any  position  desired.  The  surface  hinge 
line,  however,  must  be  a  straight  line. 

The  flow  separation  criterion  used  in  the  program  is  based  on  the  analysis 
of  test  data  where  both  the  fore-surface  and  flap  were  flat  surfaces.  Although 
this  requirement  is  not  imposed  in  this  program  (curved  arbitrary  shapes  for 
both  the  fox  e-surface  and  flap  may  be  used),  the  user  should  realize  that  he 
is  deviating  from  the  verified  bounds  of  the  empirical  separation  equations 
used. 

The  Mark  III  version  of  the  program  is  also  capable  of  handling  all-movable 
control  surfaces  (flying  tails).  This  is  accomplished  as  follows.  First,  the 
IGTYPE  flag  must  be  set  =3  for  this  component  of  the  vehicle.  This 
component  must  consist  of  two  sections  just  as  was  discussed  above  for  a 
conventional  flap-type  of  control  surface  (a  fore -surface  followed  by  the 
movable  surface).  The  fore -surface,  however,  is  not  actually  a  surface  of 
the  vehicle  but  is  a  very  thin  row  of  elements  (with  very  small  area)  that 
represents  the  line  about  which  the  control  surface  is  to  rotate  (the  pivot 
line).  This  pivot-line  row  of  elements  should  have  a  very  small  surface 
area  so  that  the  forces  calculated  on  it  do  not  significantly  contribute  to 
the  over-all  vehicle  forces.  Separation  effects  will  not  be  calculated  on 
this  type  of  control  surface. 


SECTION  III 


INPUT  DATA  INSTRUCTIONS 


GENERAL  INFORMATION 

The  input  to  this  program  consists  of  several  different  types  of  data  -  System 
control  data,  AERO  program  control  data,  geometry  data,  Picture  Drawing 
Program  data,  and  Output  Plotter  Control  data.  Many  different  options  are 
provided  within  this  program.  Although  these  options  will  be  given  in  the 
input  instructions  that  follow,  their  true  significance  and  usage  will  probably 
be  understood  only  after  the  review  of  a  number  of  examples. 

The  organization  of  the  input  data  for  this  program  and  the  format  of  the 
input  data  cards  are  discussed  on  the  following  pages.  Since  the  input  cards 
are  read  into  the  computer  by  several  different  READ  statements  within  a 
program,  it  is  imperative  that  all  the  cards  be  in  the  proper  sequence.  To  • 
prevent  the  program  from  using  erroneous  data  because  of  an  error  in  card 
sequence,  each  different  type  of  input  data  is  identified  by  a  card  "TYPE" 
number  punched  in  card  columns  71  and  72.  If  the  program  detects  an  error 
in  card  type  number,  caused  by  a  missing  card,  a  card  or  cards  out  of 
order,  or  a  card  having  an  improper  Type  number,  that  phase  of  the  program 
will  be  halted  and  control  returned  to  the  Executive  Program.  The  last  card 
in  each  phase  option  must  contain  the  Type  Number  99.  If  an  input  error 
is  detected  during  the  reading  of  cards  for  a  particular  phase,  control  will 
be  transferred  back  to  the  Executive  Program.  The  executor  will  then  flush 
all  of  the  data  cards  until  it  finds  a  Type  99  card.  The  program  will  then 
try  to  execute  the  next  phase  option.  Of  course,  if  the  next  phase  option  is 
dependent  upon  data  generated  in  the  previous  phase,  then  it  too  may  also 
have  difficulty  and  result  in  a  phase  termination. 

A  number  of  different  data  input  sheets  are  used  with  this  program.  These 
are  Hated  below. 

Sheet 

1 .  System  Control  Data  —  Card  Type  0. 

2.  Aerodynamic  Program  Control  Data  —  Card  Types  1,  2,  8,  9, 
and  10. 

3.  Element  Data  —  Card  Type  3 

4.  Ellipse  Generation  Data  —  Card  Types  4  and  5. 

5.  Parametric  Cubic  Patch  Data  —  Card  Types  6  and  7. 

6.  Skin  Friction  Data  —  Card  Type  1 )  . 

7.  Flight  Attitude  Data  —  Card  Type  12. 


Sheet 

8.  Coefficient  Increment  Data  —Card  Type  13. 

9.  Plunge  Derivative  Data  —  Card  Types  14  through  21. 

10.  Thrust  Vector  Data  —  Card  Type  22. 

11.  Picture  Drawing  Program  Data  —  Card  Types  31,  32,  34,  35, 

36,  and  37. 

12.  Plotter  Program  Control  Data  —  CardTypes  41,  44,  45,  46, 

47,  and  48. 

13.  Slab  Delta  Geometry  Data  —  CardTypes  50,  51,  and  54. 

The  required  order  of  cards  varies,  depending  upon  the  type  of  problem 
being  run.  The  various  control  flags  on  the  input  data  sheets  inform  the 
program  of  the  type  of  card  and  data  to  be  read  next. 

Before  going  into  a  discussion  on  each  of  the  input  items,  it  will  be  helpful 
to  review  briefly  the  basic  philosophy  involved  in  setting  up  a  machine  run. 

The  input  data  sheets  used  for  this  program  are  shown  on  pages  C-3  through  C- 
15.  These  pages  may  be  folded  out  for  reference.  Careful  study  of  the 
following  discussion  on  the  most  important  control  parameters  on  these 
input  sheets  will  make  subsequent  descriptions  of  each  input  parameter 
more  meaningful.  Input  data  flow  charts  are  shown  on  pages  C-17  through  C-25. 

The  basic  control  of  the  reading  of  input  data  and  the  operation  of  the 
program  is  directed  by  a  few  input  flags.  It  is  vital  that  the  user  understand 
the  operation  and  the  use  of  these  key  input  items*  since  they  provide  the 
program  with  its  great  flexibility. 

In  general,  the  key  input  control  flags  are  located  in  card  columns  60  through 
65.  The  most  critical  flags  on  the  input  sheet  are  outlined  with  a  heavy 
border. 


t 


EXECUTIVE  CONTROL  DATA 


The  Hypersonic  Arbitrary  Body  Aerodynamic  Computer  Program  System  is 
controlled  by  a  single  System  Control  Card  (Sheet  1).  This  card  controls  the 
selection  of  each  program  option  and  the  order  in  which  options  are  to  be 
used,  the  Mark  III  version  of  the  program  has  five  phase  options  available. 


Option  1. 
Option  2. 
Option  3. 
Option  4. 
Option  5. 


Aerodynamic  Program 

Picture  Drawing  Program 

Output  Data  Plotter  Program 

Slab  Delta  Geometry  Generation  Program 

Geometry  Card  Punch  Program 
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Up  to  twenty  different  program  phases  may  be  used,  and  any  given  option 
may  be  used  several  times.  The  system  control  card  must  contain  a  zero 
in  card  column  72.  A  card  sequence  number  may  be  placed  in  card  columns 
77  through  80,  to  help  keep  the  cards  in  order.  This  number  must  be  a 
right-justified  integer. 


AERO  PROGRAM 


Before  presenting  detailed  descriptions  of  the  Aerodynamic  Program  input 
data,  tcichof  the  key  control  flags  will  be  discussed  briefly.  The  reader 
should  refer  frequently  to  the  appropriate  fold-out  input  data  sheet  on  pages 
C-3  through  C-15  and  the  flow  charts  on  pages  C-17  and  C-25. 

The  parameter  ISUM  in  card  column  60  of  the  Type  1  Element  Data  Control 
Card  is  the  vehicle -component-summation  control  flag.  This  flag  controls 
the  recording  of  force  data  for  each  component  of  the  vehicle  and  tells 
the  program  when  to  sum  up  the  component  data.  If  the  program  is  told  to 
sum  a  set  of  force  data,  then  after  this  is  accomplished  the  program  will 
return  to  read  another  element  data  title  card  (for  the  next  component).  This 
control  flag  also  controls  the  position  of  the  data  summation  tape.  The 
Aerodynamic  Program  always  starts  and  ends  with  the  reading  of  an  element 
data  title  card.  If  this  card  contains  a  Type  number  of  99  then  control  will 
be  returned  to  the  Executive  Program.  The  parameter  IREW8  in  card 
column  61  is  used  to  rewind  the  geometry  storage  tape  (Tape  8). 

The  next  card  in  the  deck  will  usually  be  the  Element  Data  Control  Card 
(Type  2  card).  The  key  control  flags  on  this  card  are  the  parameters  IGEOM, 
ITAPE,  IGTYPE,  and  IELOV  (card  columns  60  through  63).  The  geometry 
source  flag,  IGEOM,  informs  the  program  of  the  source  of  the  geometry  data  — 
either  input  surface  element  data,  ellipse  generation  data,  or  parametric 
cubic  data. 

The  geometry  tape  flag,  ITAPE,  indicates  the  tape  to  be  read  to  obtain  the 
geometry  element  data  (either  regular  input  Tape  5  or  special  geometry 
storage  Tape  8),  and  can  also  direct  the  storage  of  this  data  on  the  special 
geometry  storage  tape.  All  element  geometry  data  generated  by  the  ellipse 
generation  routine  or  by  the  parametric  cubic  input  method  is  stored  on  the 
geometry  storage  tape  in  element  data  form.  After  a  machine  run  this  tape 
may  be  saved  and  BCD  cards  punched  from  it  to  give  regular  surface  element 
data  that  may  be  used  on  subsequent  runs.  The  geometry  data  on  Tape  8 
may  also  be  read  directly  by  the  Picture  Drawing  Program.  Figure  8  on 
page  20  illustrates  the  basic  concepts  involved  in  the  use  of  the  geometry 
storage  tape. 

The  two  control  flags  IGEOM  and  ITAPE  must  be  clearly  understood  by 
the  user.  These  flags  control  a  two-step  operation.  First,  the  IGEOM  flag 
indicates  merely  the  type  of  geometry  data  to  be  expected  (either  element 
data,  ellipse  generation  data,  or  parametric  cubic  boundary  data).  The 
control  flag,  ITAPE,  is  completely  independent  of  the  geometry  source 
flag  and  is  used  to  inform  the  program  as  to  where  it  is  to  obtain  the  surface 
element  data  in  order  to  perform  the  quadrilateral  element  calculations 
(see  page  C-17). 


53 


hpvow*-***  *«**•**#»*, v«  ******* 


The  parameter  IGTYPE  indicates  the  type  of  geometry  data  input  to  the 
program  (regular  geometry  data  for  pressure  calculations,  control  surface 
geometry  data,  or  skin-friction  geometry  data). 

The  element  characteristics  override  flag,  1ELOV,  on  the  Element  Control 
Data  Card  is  used  to  bypass  the  conversion  of  element  geometry  data  into 
the  quadrilateral  data  required  for  force  calculations.  This  option  is  used  when 
it  is  desired  to  generate  and  assemble  the  geometry  data  in  regular  element 
form  without  actually  calculating  vehicle  forces.  This  technique  is  useful 
when  assembling  and  checking  out  a  geometry  deck  where  the  Picture  Drawing 
Program  is  to  be  used  next. 

If  geometry  data  cards  are  to  be  input  to  the  program,  they  must  follow 
directly  after  the  Type  2  element  data  control  cards.  If  the  geometry  data 
are  to  be  read  from  Tape  8,  these  cards  will  not  be  present. 

After  the  geometry  data  cards  the  program  will  expect  to  read  the  Force 
Data  Title  card  (Type  8).  If  this  card  contains  a  1  in  card  column  60,  the 
program  will  next  return  to  read  another  Element  Data  Title  Card  (Type  1). 
This  will  allow  the  program  to  bypass  any  force  calculations.  If  the  Force 
Data  Title  Card  contains  a  0  in  card  column  60,  the  program  will  proceed 
to  read  a  Flight  Condition  Card  (Type  9)  and  then  the  Center-of-Gravity  Data 
Card  (Type  10). 

The  key  control  parameters  on  the  Flight  Condition  Card  are  the  "last 
flight  condition"  flag  (card  column  60),  the  "number  of  angle -of-attack  and 
sideslip-anfcle  combinations"  flag  (card  column  61-62),  the  "use  old  alpha-beta" 
flag  in  card  column  63,  and  the  "number  of  skin  friction  surface"  flag 
(card  column  64-65).  These  flags  control  the  exit  from  the  force  calculation 
to  a  new  set  of  geometry  data,  the  number  of  flight-attitude  data  cards  to  be 
read  (if  the  "no  alpha  beta  cards"  flag  has  been  set  to  1  then  no  Flight 
Attitude  Cards  will  be  read),  and  the  number  of  skin  friction  cards  to  be 
expected. 

Complete  mastery  of  all  the  above  key  control  flags  is  required  for  success¬ 
ful  operation  of  the  AERO  program.  This  can  be  achieved  by  a  strict 
adherence  to  the  detail  input  instructions  for  each  of  these  flags,  by  studying 
the  sample  problems  provided,  and  by  a  careful  checking  of  the  input  data 
cards  before  making  a  run.  In  making  this  check  of  the  input  data  the  user 
will  find  it  helpful  to  have  a  machine  listing  of  all  the  data  cards. 

Detailed  information  of  the  data  to  be  given  on  each  type  of  input  card  is 
given  by  the  following  discussions.  All  input  data  are  real  numbers  except 
as  noted  in  these  instructions.  Real  numbers  are  written  with  the  sign  (if 
negative)  and  the  decimal  point  (i.e. ,  -14.952).  Real  numbers  may  be 
written  anywhere  in  the  field  required  but  are  usually  placed  to  the  left  side 
of  the  field.  Integer  input  numbers  are  written  without  the  decimal  point 
and  must  be  placed  at  the  right  side  of  the  field  provided  (right-justified). 

Because  of  the  free-form  nature  of  the  program  input  data  it  will  be  neces¬ 
sary  to  rearrange  the  cards  after  they  have  been  punched  from  the  various 
input  sheets.  This  may  be  facilitated  by  the  use  of  the  sequence  numbers 
in  card  columns  77-80. 


AERODYNAMIC  PROGRAM  CONTROL  DATA 


Element  Lata  Title  Card 

-  This  card  contains  the  element  data  title 

and  the  component  summation  flag. 

See  sheet  2,  page  C-3. 

Card 

Type 

Column 

Code 

Explanation 

1 

1-59 

TITLE 

The  title  that  is  to  appear  at  the  top  of  the 
element  data  output  pages.  Any  acceptable 
machine  characters. 

60 

ISUM 

Component  save  and  summation  flag.  Aspecialflag 

to  control  the  saving  of  force  data  from  compo¬ 
nent  to  component  and  to  control  the  summation 
of  data  and  the  position  of  the  component  summa¬ 
tion  tape  after  summation.  (Integer) 

=  0  If  force  data  for  this  run  are  not  to  be 

summed  or  saved  for  future  summation. 

=  1  If  the  force  data  for  this  vehicle  component 

are  to  be  saved  for  subsequent  summation 
with  other  components. 

=  2  Previously  saved  force  data  are  to  be 

summed  and  printed  out.  After  the 
.  summation  data  are  printed,  the  program 
then  returns  to  read  another  Element 
Data  Title  card.  The  summation  data 
tape  is  not  rewound  but  left  standing 
ready  for  the  next  set  of  saved  data. 

=  3  Sum  all  data  on  summation  tape  and 

print  out.  Summation  tape  will  be  re¬ 
wound  before  reading  the  next  set  of 
data.  An  Element  Data  Title  card  will  be 
expected  next. 

=  4  Sum  §dl  data  on  summation  tape  and 

print  out.  The  summation  tape  will  be 
backspaced  one  set  of  summation  data 
for  reading  in  the  next  set  of  data.  This 
will,  in  effect,  delete  the  last  set  of 
saved  data  so  that  it  can  be  replaced  by 
future  saved  data.  An  Element  Data  Title 
card  will  be  expected  next. 

=  5  Sum  all  data  on  summation  tape  and 

print  out.  The  summation  tape  will  be 
rewound  and  the  results  of  the  summa¬ 
tion  written  at  the  beginning  of  the  tape 
for  addition  with  subsequently  saved 
data.  The  tape  will  be  left  in  a  position 
for  the  second  set  of  summation  data. 

An  Element  Data  Title  card  will  be 
expected  next. 
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Card 

Type  Column  Code 
1  61  IREW8 


63  IPS 


Explanation 

This  flag  controls  the  position  of  the  geometry 
storage  Tape  8.  (Integer) 

=  0  Do  not  rewind  Tape  8  but  start  problem 
with  it  in  the  current  position, 

=  1  Rewind  Tape  8  before  reading  Element 

Data  control  card. 

SC-4020  plotting  tape  control  flaj,  for  summation 
data.  (Integer) 

=  0  Summation  force  data  are  not  to  be  placed 

on  the  SC-4020  plotting  tapes  (Tapes  9  and 

10). 

=  1  Summation  force  data  are  written  on  the 

SC -4020  plotting  tape. 


64  IABDOT  This  flag  is  used  to  indicate  when  plunge 


65  IVECT 


66-68  CASE 


72  TYPE 
77-80  SEQ 


derivatives  C 


and  Cv  are  to  be  calculated 
mcr  YA 


utung  summation  data  characteristics.  (Integer) 

=  0  Plunge  derivatives  will  not  be  calculated. 

=  1  Plunge  derivatives  will  be  calculated 

using  the  summation  data  C  and  Cv  . 

Yf! 

The  next  card  must  be  the  plunge  deriva¬ 
tive  control  card  (Type  14). 

This  flag  is  used  to  indicate  when  the  program 
is  to  read  thrust-vector  data  for  inclusion  with 
the  summation  data.  (Integer) 

=  0  Thrust-vector  data  are  not  used. 

=  1  Thrust-vector  data  will  be  calculated  and 

added  to  the  summation  data.  The  next 
card  must  be  a  thrust  vector,  Type  22 
card. 

Case  number  to  be  printed  out  at  the  top  of 
element  data  output  (right-justified  integer). 

Card  Type  number  =  1  (integer) 

Sequence  number  for  use  in  keeping  cards  in 
proper  order.  This  number  is  not  read  by  the 
program  (right- justified  integer). 
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Element  Data  Control  Card  -  This  card  controls  the  reading  in  of 

surface  element  data. 

Card 

Type  Column  Code  Explanation 

2  1  PRINTS  Flag  to  control  the  printing  of  detailed  character¬ 

istics  of  each  quadrilateral  element.  Data 
printed  include  •  location  of  four  corner  points, 
centroid  of  area,  direction  cosines,  and  area  of 
each  element.  This  generates  a  large  amount  of 
output  and  increases  machine  time.  (Integer) 

=  0  Do  not  print  element  characteristics. 

=  1  Print  element  characteristics. 

3  SYMFCT  Symmetry  flag.  This  flag  indicates  the  type  of 
vehicle  symmetry  to  be  used  for  this  component 
of  the  vehicle  (see  diagrams  below).  (Integer) 


z  z  z 


=  1  =  0  cr  =  2  =3 


Note:  Although  it  is  possible  to  use  different 

Symmetry  flags  for  different  components 
of  a  vehicle,  the  safe  thing  to  do  is  to 
input  or  generate  the  geometry  using  the 
same  Symmetry  flag  for  all  components. 
This  is  particularly  important  if  pictures 
are  to  be  drawn  by  the  Picture  Program. 

4  IORIEN  Element  orientation .  (Integer) 

=  0  Normal  mode  using  cross-sections. 

=  1  Geometry  data  input  in  streamwise  strips. 

=  2  Geometry  data  input  in  streamwise  strips. 
For  each  streamwise  strip  of  elements  the 
first  coordinate  point  in  the  right-hand  strip 
of  points  is  not  used  in  the  formation  of 
the  leading  edge  element  but  is  ignored 
by  the  program.  This  is  illustrated  in  the 
diagrams  below  for  the  lower  surface  of 
a  vehicle.  The  streamwise  direction  is 
indicated  by  the  arrow,  (continued) 


Elements  Desired  Inout  Schematic 


4  IORIEN  (Continued) 

In  the  Input  Schematic  at  the  bottom  of 
the  previous  page  the  numbers  indicate 
the  order  of  the  input  points.  Note  that 
points  1  and  2  are  duplicate  points  (same 
values  for  X,  Y,  and  Z)  as  are  points  3-4, 
and  6-7.  The  first  element  is  formed  by 
input  points  1-2-4-5  and  point  3  is  not 
used  for  this  leading  edge  element.  In  a 
similar  manner,  an  element  is  formed  by 
points  3-4-7-8  and  point  6  is  not  used. 

=  3  Same  as  =2  above  except  that  the  left  point 
is  ignored  in  the  formation  of  the  leading 
edge  elements.  This  would  be  useful  for 
upper  surface  of  a  delta  wing.  The  input 
schematic  for  this  case  is  shown  below. 

Elements  Desired  Input  Schematic 


5  IFACT  Scale  factor  flag.  This  flag  permits  the  alteration 

of  geometry  data  for  the  force  calculations.  (Integer) 

=  0  Use  input  geometry  coordinates  (no 
scale  factors  will  be  used). 

=  1  Use  scale  factors  to  scale  and  shift  the 

geometry  data  in  the  basic  coordinate 
system.  Scale  factors  and  coordinate 
increments  are  applied  as  the  geometry 
data  are  being  converted  into  quadrilateral 
data.  The  original  data  on  Tape  5  or  Tape  8 
are  not  altered. 

i.  e.  X  =  X.  »(XSC)  +  DELX 
new  input  ' 

etc.  for  Y  and  Z 

7-12  XSC  X  Scale  Factor  (to  be  multiplied  times  Xjnput) 

13-18  YSC  Y  Scale  Factor  (to  be  multiplied  times  Y.  ut) 
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Card 

Type  Column  Code 
2  19-24  ZSC 

26-31  DELX 
32-37  DELY 
38-43  DELZ 
45-49  LEFCT 


50-56  XLEO 


60  IGEOM 


6 1  ITAPE 


Explanation 

Z  Scale  Factor  (to  be  multiplied  times  ZjnpUt) 

AX  Scale  -  Increment  to  be  added  to  X 

AY  Scale  -  Increment  to  be  added  to  Y 

AZ  Scale  -  Increment  to  be  added  to  Z 

Leading-edge  factor.  This  number  is  used  with 
control-surface  data.  It  is  used  in  conjunction 
with  XLEO  to  define  the  boundary-layer  running 
lengths  for  the  control-surface  flow- separation 
calculations  (real  number) .  (See  page  99.) 

Leading-edge  X  increment.  This  number  is  used 
with  control-surface  data.  It  is  used  in  conjunc¬ 
tion  with  LEFCT  to  define  the  boundary-layer 
running  lengths  for  the  control  surface  flow 
separation  calculations  (real  number).  (See  page  99.) 

Geometry  Source  Flag.  This  flag  identifies  the 
type  of  geometry  data  to  be  input  for  this 
component.  (Integer) 

=  0  Surface  element  data 

=  1  Elliptical  Shape  generation  data. 

=  2  Parametric  Cubic  boundary  curve  data. 

=  3  (not  used  at  present  time) 

Geometry  tape  control  flag  —  This  flag  identifies  the  tape 
to  be  used  in  obtaining  surface-element  geometry  data 
for  subsequent  program  calculations.  (Integer) 

=  0  Element  data  are  to  be  read  from  standard 

input  Tape  5  (normal  mode). 

=  1  First  rewind  Tape  8  (geometry 

storage  tape)  and  then  read  element  data 
from  it. 

=  2  Read  element  data  from  T^tpe  8  (do  not 

rewind  tape  before  reading  this  set  of  data). 

=  3  First  rewind  Tape  8,  then  read  element 

data  from  Tape  5  (regular  input  tape)  and 
write  the  data  on  Tape  8. 

=  4  Do  not  rewind  Tape  8;  read  Tape  5  and  write 

the  element  data  on  Tape  8. 

=  5  Do  not  read  surface-element  data  (Tape  8 

will  not  be  read).  Quadrilaterals  will  not 
be  calculated.  Program  next  expects  to 
read  a  Force -Data  Title  card  with  a  1  in 
CC  60. 


59 


Card 

Type  Column  Code  Explanation 

2  62  1GTYPE  Flag  to  indicate  component  type.  (Integer) 

=  0  This  component  is  to  be  used  for  pressure 

calculations  and  is  not  a  control  surface. 

=  1  This  component  is  a  control -surface  compo¬ 

nent.  The  geometry  cards  that  will  be  read 
next  must  include  a  fore -surface  and  a  flap 
in  that  order.  The  first  point  of  the  fore- 
surface  must  have  a  STATUS  flag  of  2  as 
must  the  first  point  on  the  flap.  The  last 
point  on  the  flap  must  have  a  STATUS  flag 
of  3.  Dummy  (zero  area)  elements  are 
not  permitted  on  this  component.  A  dummy 
element  to  give  a  STATUS  =  3  flag  cannot 
be  used  on  this  component. 

=  2  Skin- Friction  Surface.  Each  element  in 
this  component  is  to  be  considered  as  a 
separate  skin -friction  surface.  This 
component  can  have  only  10  elements  (10 
skin-friction  surfaces).  If  more  then  10 
surfaces  are  required  then  another  compo¬ 
nent  must  be  used  and. the  summation  option 
used  to  add  up  the  results  of  the  aerodynamic 
circulations.  Inviscid  pressure  forces  will 
not  be  calculated  by  the  program  for  this 
component.  Note:  This  option  is  also  used 
for  the  Induced  Pressure  calculation  option 
(IMPACT=17). 

=  3  All-Movable  Control  Surface.  This  vehicle 
component  will  be  considered  as  being  an 
all-movable  control  surface.  The  component 
must  consist  of  two  sections.  The  first 
section  input  must  be  a  row  of  elements 
(with  very  small  area)  representing  the 
line  about  which  the  surface  is  to  rotate 
(the  pivot  line).  This  pivot  line  data  must 
follow  all  the  rules  associated  with  the 
input  of  a  regular  control  fore -  surface 
except  that  there  is  only  one  element  in 
each  streamwise  fore -surface  strip. 

See  page  50  for  a  more  detailed 
description. 


63  IELOV  Element  characteristic  override  flag  (integer). 

=  0  Quadrilaterals  are  to  be  calculated  for  use 
in  force  calculations. 

=  1  Do  not  calculate  quadrilaterals,  since  force 

calculations  are  not  to  be  made.  As  long 
as  ITAPE  is  not  equal  to  5,  the  geometry 
data  will  continue  to  be  read  but  the 
quadrilateral  calculations  themselves  will 
be  bypassed.  The  surface  wetted  areas 
printed  will  be  =  0.0. 

The  Typed  force  data  Title  card  must 
contain  a  1  in  CC  60. 


66-68 

CASE 

Case  number  not  used  by  program 
integer). 

(right-justified 

72 

TYPE 

Card  type'number  =  2  (integer). 

77-80 

SEQ 

Sequence  number  used  to  keep  the 
order  (not  used  by  the  program). 

cards  in  proper 

Force  Date  Title  Card  -  This  card  contains  the  force-data  title  and 

a  special  flag  to  permit  return  to  the  Type 
1  dement  Data  Title  card. 

Card 

Type  Column  Code  Explanation 

8  1-59  TITLE  Contains  the  title  that  is  to  appear  at  the  top  of 

the  force  data  output  pages.  Any  acceptable 
machine  characters. 

U  -  '  '  *  A  " 

60  IRETl  Flag  to  permit  return  to  Type  1  card.  (Integer) 

=  0  Program  will  expect  a  flight  condition 
card  next  and  will  proceed  with  force 
calculations. 

=  1  Program  will  expect  an  Element  Data  Title 

card  next.  This  flag  is  used  when  element 
data  are  read  (and  printed  out  if  required) 
but  no  force  calculations  are  to  be  made . 
This  is  sometimes  useful  when  making 
preliminary  checks  of  geometry  data  or 
when  geometric  data  are  being  systemati¬ 
cally  built  up  and  stored  on  Tape  8,  but 
force  calculations  are  not  being  made. 


66—68 

CASE 

Case  number  -  not  used  by  the  program  (right- 
justified  integer).  \ 

72 

TYPE 

Type  number  =  8  (integer) 

77-80 

SEQ 

Card  Sequence  number  -  not  used  by  the  program. 

O 
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Flight  Condition  Card 


Card 

Type  Column  Code 
9  1-10  MACH 

11-20  ALT 
21-30  SREF 

32-36  PSTAG 


37-43  TSTAG 

*  45  IPS 

I 


48  ITYP13 


This  card  contains  flight  condition  data 
and  flags  to  control  subsequent  flow  in 
the  program  (see  sheet  2,  page  C-3). 


Explanation 

Mach  number 
Flight  altitude  -  feet 

Reference  area  for  force  coefficients  (wing  area). 

Must  be  in  units  consistent  with  input  geometry 
data. 

Wind-tunnel  stagnation  pressure  (atmospheres). 

=  0.0IfU.  S.  1962  Atmospheric  properties 
are  to  be  used  at  the  input  altitude. 

*0.0  Input  altitude  will  be  ignored  and  the  input 
stagnation  pressure  and  temperature  will  be 
used  to  calculate  tunnel  free-stream  properties 
(using  isentropic  ideal-gas  relationships). 

Wind-tunnel  stagnation  temperature,  °F.  This 
number  will  be  used  with  the  above  pressure  to 
calculate  the  tunnel  free-stream  properties. 

SC-4020  Force  Data  Plotting  flag.  This  flag  controls 
the  placement  of  force  data  on  a  special  tape  to  be 
used  by  the  Output  Data  Plotter  Program.  (Integer) 

=  0  Do  not  put  force  data  on  the  plotter  tape. 

=  1  Write  the  force  data  for  this  component  on 

the  plotting  tape  for  use  by  the  plotter 
program. 

Flag  for  reading  of  Type  13  cards  (not  used  very 
often)  (integer). 

=  0  No  Type  13  cards  will  be  read. 

=  1  Type  13  cards  will  be  read.  A  Type  13 

card  should  be  placed  after  each  Type  12 
card.  The  Type  13  cards  will  contain 
input  values  of  the  six  aerodynamic  force 
coefficients  that  will  be  added  to  the  pro¬ 
gram-calculated  coefficients.  The  Type  13 
data  will  be  in  six  fields  of  ten  card 
columns  each  and  the  number  13  in  CC  71,  72. 
The  data  are  input  in  the  following  order: 

CA.  CN,  Cy»  Cj,  C^,  C  .  Stability- 

derivative  contributions  are  not  accounted 
for  (see  input  sheet  8,  page  C-9). 


4 


i 


Card 

Type  Column  Code 


Explanation 


9  53  IABDOT  This  flag  is  used  to  indicate  when  plunge  derivatives, 

C  and  C„  ,  are  to  be  calculated  for  this  vehicle 

component.  (Integer) 


=  0  Do  not  calculate  plunge  derivatives. 

=  1  Calculate  plunge  derivatives,  using  the 

C  and  C„  for  this  component.  The 
m  In 

a  p 

program  will  expect  to  read  a  Type  14 
plunge  derivative  control  data  card  right 
after  all  the  Type  12  cards. 

54  IVECT  This  flag  is  used  to  indicate  when  the  program  is 
to  read  input  thrust- vector  data  for  summation 
with  the  vehicle- component  force  characteristics. 
(Integer) 

=  0  Thrust- vector  data  will  not  be  read. 

=  1  Read  force-vector  data.  Program  will 

expect  to  read  a  thrust-vector  card 
(Type  22  card)  after  all  the  Type  12  cards. 

• 

60  LAST  Last  Flight  Condition  flag.  This  flag  controls  the 
flow  of  the  program  after  data  are  calculated  for 
all  angles  of  attack  for  this  case.  (Integer) 

=  0  After  force  data  are  calculated  for  all 

angle -of- attack  and  sideslip-angle  combina¬ 
tions,  the  program  will  return  to  read  a 
new  Element  Data  Title  card  (Type  1). 

=  1  After  the  force  data  are  calculated  for  all 

angle-of-attack  and  sideslip-angle  combinations, 
return  to  read  a  new  Force  Data  Title  card 
to  start  a  new  flight  condition  cycle. 

61-62  NAB  Number  of  angle-of-attack  or  sideslip-angle  combina¬ 

tions  to  be  calculated.  The  program  will  try  to 
read  this  number  of  Flight-Attitude  Data  cards 
(Type  12  cards).  This  number  of  Type  12  cards 
must  be  present  unless  the  flag  in  CC  63  has  been 
set  =  1.  NAB  cannot  be  greater  than  20.  If  NAB=0 
and  NOAB=l  then  the. program  will  use  the  last 
input  value  for  NAB. 


64 


( 


Card 

Type  Column  Code 
9  63  NOAB 


64-65  NS 


66-68  CASE 

72  TYPE 
77-78  SEQ 


Explanation 

No  alpha-beta  card  flag.  This  flag  controls  the 
reading  of  the  Flight- Attitude  Data  (Type  12)  cards. 

=  0  Program  will  expect  to  read  the  number  of 
Type  12  cards  as  indicated. 

=  1  Program  will  use  the  previous  set  of  Flight- 

Attitude  Data  cards (Type  12  cards)  and 
will  not  expect  to  read  new  Type  12  cards. 
Type  12  cards  should  not  follow  the  Type  10 
center-of-gravity  card  (integer). 

Number  of  skin  friction  surface  cards  to  be  read 
in  (maximum  number  of  10).  This  number  of 
skin-friction  surface  cards  (Type  11)  must  be 
present  and  located  just  behind  the  Type  10 
center-of-gravity  card.  When  IGTYPE  =  2  on  the 
Type  2  card  then  NS  must  equal  the  number  of 
elements  for  this  component,  (right-justified 
integer). 

Case  number  —  not  used  by  the  program  (right- 
justified  integer). 

Card  Type  number  =  9  (integer). 

Sequence  number  —  not  used  by  the  program. 


Center  of  Gravity  Data  Card  -  This  card  contains  center-of-gravity 

information  and  the  vehicle  characteristic 
lengths  to  be  used  in  the  moment  calcula¬ 
tions.  This  card  must  always  fellow  the 
Type  9  card. 


Card 

Type 

Column 

Code 

Explanation 

10 

1-10 

XCG 

Longitudinal  position  of  center  of  gravity  for 

moment  calculations.  Note  that  X  will 

eg 

frequently  be  input  as  a  negative  number  since 
the  negative  X-axis  is  usually  taken  as  directed 

from  the  nose  of  the  vehicle  toward  the  tail. 

* 

11-20 

YCG 

Lateral  position  of  the  center  of  gravity. 

Usually  =  0.0. 

21-30 

ZCG 

Vertical  position  of  the  center  of  gravity. 

31-40 

SPAN 

Reference  length  to  be  used  in  rolling-  and  yawing 
moment-calculations. 

41-50 

MAC 

Reference  length  to  be  used  in  pitching  moment 
calculations. 

66-68 

CASE 

Case  number  —  not  used  by  the  program  (integer). 

71-72 

TYPE 

Card  Type  number  =  10  (integer). 

77-80 

SEQ 

Sequence  number  —  not  used  by  the  program 

(integer). 


66 


Skin  Friction  Data  Card 


Card 

Type  Column  Code 
11  1-2  IS,  , 

3  ISI.2 


This  card  contains  the  input  data  and  flags 
for  the  skin-friction  calculations.  Two  basic 
modes  of  operation  are  available.  The 
first  uses  a  special  skin-friction  geometry 
description  (IGTYPE  =  2  on  the. Type  2  card) 
to  provide  surface  orientation  data  for  the 
viscous  calculations.  The  number  of 
Type  11  skin-friction  cards  must  be  equal 
to  the  number  of  elements  in  the  skin- 
friction  geometry  data.  The  number  of 
skin-friction  surfaces  must  also  be  input 
in  CC  64-65  of  the  Type  9  Flight -Condition 
card.  A  maximum  of  10  surface  elements 
(10  Type  11  cards)  may  be  used  to  approximate 
the  vehicle  shape  for  the  skin-friction 
calculations.  If  more  than  10  surfaces  are 
required  for  an  accurate  shape  description 
the  vehicle  skin -friction  geometry  data 
must  be  divided  into  several  components 
with  a  maximum  of  10  elements  in  each 
component.  The  data  summation  flag  on 
the  Type  1  card  will  be  used  to  add  up  the 
skin-friction  components  to  get  the  total 
skin-friction  contribution  to  the  vehicle 
forces.  The  second  mode  of  skin-friction 
operation  does  not  use  input  element  data 
to  give  the  surface  orientation  in  space  but 
instead  obtains  this  information  from  the 
Type  11  card.  The  above  two  modes  of 
operation  will  be  referred  to  in  the  input 
instructions  as  Mode  1  and  Mode  2.  See 
pages  44  through  47  for  further  information. 

If  the  number  of  skin-friction  surfaces  is 
input  as  zero  (NS=0  on  the  Type  9  card), 
no  Type  11  cards  will  be  used.  (See  sheet  6, 
page  C-7  for  the  skin-friction  input  flow 
chart). 


I 


Explanation 

Surface  number  =  1  to  10.  Surface  numbers  need 
not  be  in  order  (right-justified  integer). 

Surface  type  flag.  This  flag  controls  the  selection 
of  the  method  to  be  used  in  calculating  the  local 
flow  properties  (in  conjunction  with  the  flag  in  CC  4) 
(integer). 

=  0  A  flat  plate  will  be  assumed.  Methods 
available  in  CC  4  will  be  used. 

=  1  If  the  surface  is  in  compression,  the  local 
flow  conditions  will  be  found  by  the  tangent- 
cone  method.  Inviscid  -viscous  interaction 
effects  calculated  will  include  a  correction 
to  account  for  tangent-cone  pressures  (rather 
than  tangent-wedge). 
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Card 

Type  Column  Code  Explanation 

Flag  to  identify  pressure  calculation  method  and 
upper-  or  lower-surface  identification.  The  avail¬ 
able  methods  and  identification  flags  are  listed 
below.  This  flag  is  used  in  conjunction  with  the 
flag  in  CC  3  to  control  the  local  flow -calculation 
method.  For  Mode  1  skin -friction  operation 
all  surfaces  must  be  indicated  as  being  lower 
surfaces.  (Integer) 

a.  Oblique  shock  in  compression  and  Prandtl- 
Meyer  in  expansion. 

=  1  Upper  surface 

=  2  Lower  surface 

b.  Oblique  shock  in  compression  and 
Newtonian  +  Prandtl-Meyer  in  expansion. 

=  3  Upper  surface 

=  4  Lower  surface 

c.  Newtonian  +  Prandtl-Meyer  in  both 
compression  and  expansion. 

=  5  Upper  surface 

=  6  Lower  surface 

Note:  When  CC  3  s  1,  tangent-cone  replaces 
oblique  shock  in  the  above  options. 


5  ISj  ^  Skin-friction  summation  flag.  (Integer) 

=  0  Use  turbulent-skin-friction  data  in 
summation  with  pressure  forces. 

=  1  Use  laminar-skin-friction  data  in 

summation  with  pressure  forces. 

(Note:  The  Program  will  make  a  switch 
to  laminar  summation  at  very  low  Reynolds 
number,  where  turbulent  results  are  not 
meaningful. ) 

Use  of  angle  of  attack  of  the  vehicle  in  the  skin- 
friction  calculations.  This  input  card  column  is 
used  only  for  Mode  2  skin-friction  operation. 

For  Mode  1  operation  leave  blank  or  input  0. 

=  0  Yes  -  incorpqrate  vehicle  angle  of  attack 
(see  CC  35-40  for  methods). 

=  1  No  -  do  not  use  vehicle  angle  of  attack. 


n  4  isIi3 
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Card 

Type  Column  Code  Explanation 

**  ^  ^1,6  Wall -temperature  and  skin-friction  method 

Flag.  The  program  always  calculates  both 
laminar  and  turbulent  skin -friction  results. 

The  result  to  be  added  to  the  pressure  calculations 
is  indicated  by  the  flag  in  CC  5.  In  the  discussions 
below  the  methods  to  be  used  for  laminar  and 
turbulent  flow  are  separated  by  a  slash 
(i.  e.,  Laminar /Turbulent).  (Integer) 

=  0  Calculate  wall  temperature  and  skin  friction 
using  Reference  Temperature/Spalding- 
Chi  methods. 

=  1  Use  adiabatic  wall  temperature  and 
Reference  Temperature /Spalding -Chi 
methods. 

=  2  Use  input  wall  temperature  and 

Reference  Temperature /Spalding- Chi 
Methods.  Tw  input  in  CC  47-52  &  53-58, 

=  3  Calculate  wall  temperature  and  skin  friction 
using  Reference  Enthalpy /Spalding- Chi 
(with  enthalpy  ratios)  methods. 

=  4  Use  adiabatic  wall  temperature  and 

Reference  Enthalpy/ Spalding -Chi  (with 
enthalpy  ratios)  methods. 

=  5  Use  input  wall  temperature  and 

Reference  Enthalpy/ Spalding -Chi  (with 
enthalpy  ratio.!)  methods.  T  input  in 
CC  47-52  &  53-58. 

=  6  Calculate  wall  temperature  and  skin  friction 
using  Reference  Temperature/Reference 
Temperature  methods. 

=  7  Use  input  wall  temperature  and 

P.eference  Temperature /Reference 
Temperature  methods.  T  input  in 
CC  47-52  &  53-58. 

=  8  Calculate  wall  temperature  and  skin  friction 
using  Reference  Enthalpy/Reference 
Enthalpy  methods. 

=  9  Use  input  wall  temperature  and 

Reference  Enthalpy  /Reference  Enthalpy 
methods.  Tw  input  in  CC  47-52  &  53-58. 
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Card 

Type  Column  Code 
11  8  IS  ? 


»  ISI.  8 

1°  9 


11-19  SURFj  j 


Explanation 

Flag  to  control  printing  of  skin-friction  data  for 
each  skin -friction  surface  (integer). 

=  0  Do  not  print  skin -friction  data. 

=  1  Print  skin-friction  data.  This  is  the 

recommended  option  for  most  applications. 

Print  flag  for  flow  characteristics  before  and 
after  the  shock  or  expansion  (integer). 

=  0  Do  not  print  flow  characteristics. 

=  1  Print  flow  characteristics.  This  is  the 

recommended  option  for  most  applications. 

Program  iteration  and  local  skin  friction  print 
flag  (integer). 

=  0  Do  not  print  iteration  results  for 

equilibrium  temperature  or  final  local 
skin-friction  data. 

=  1  Print  iteration  results  for  wall  temperature 
and  the  final  local  skin-friction  data. 

=  2  Print  the  final  local  skin-friction  data 
(iteration  results  are  not  printed).  This 
is  the  recommended  option  for  most 
applications. 

Surface  wetted  area  in  same  units  as  Sre£.  For 

Mode  1  operation  (IGTYPE  =  2  on  the  Type  2  card) 
the  skin-friction  surface  wetted  area  is  input  in 
this  location.  If  the  wetted  area  is  input  as  =  0.  0 
the  program  will  use  the  surface  area  as  calculated 
from  the  input  geometry  for  each  skin-friction 
element  in  the  SDATA  subroutine. 

For  Mode  2  type  of  operation  (IGTYPE  =  0  on  the 
Type  2  card)  this  input  location  must  not  be  =  0.  0. 
In  Mode  2  operation  the  input  surface  area  may 
be  negative  to  subtract  out  a  skin-friction  surface. 


For  Mode  2  the  input  wetted  area  must  be  for  the 
complete  vehicle  (both  left  and  right  side)  since 
the  program  will  not  account  for  the  reflection  of 
the  geometry  because  of  symmetry  considerations. 
This  is  not  the  case  for  Mode  1  operation  since 
the  program  will  calculate  data  for  the  reflected 
portions  if  the  symmetry  considerations  require 
it.  For  Mode  1  operation  the  input  wetted  area 
must  correspond  to  the  input  skin-friction 
geometry  data  (i.  e. ,  if  the  Symmetry  flag  is  =  0, 
left  side  of  vehicle  input,  then  the  input  wetted 
area  should  be  only  for  the  left  side). 
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Card 

Type  Column  Code  Explanation 

(  11  The  four  input  quantities  in  CC  20  through  46 

furnish  to  the  program  the  planform  shape  of  the 
skin-friction  surface  being  analyzed  ("Surface- 
of-interest"),  and  the  shape  of  the  initial -surface 
(to  account  for  the  fact  *hat  the  flow  has  traversed 
some  other  part  of  the  'ape  before  reaching 
the  surface  of  interest).  This  information  is  not 
obtained  from  the  input  skin-friction  geometry 
data  input  on  the  Type  3  cards.  The  input  skin- 
friction  geometry  data  are  used  only  to  establish 
the  position  and  orientation  of  the  centroid  of 
each  skin-friction  surface.  The  diagram  below 
illustrates  the  input  parameters  required  on  the 


11 


20-28  SURFj  2 


29-34  SURFj  3 


35-40  SURFj  4 


For  Mode  1  operation  (IGTYPE  =  2  on  the  Type  2 
card)  input  the  longest  length  of  the  surface-of- 
interest  (L«2  in  the  diagram  above).  Feet. 

For  Mode  2  operation  input  the  longest  length  of 
the  skin-friction  surface.  This  mode  does  not 
provide  for  an  initial  surface  as  does  Mode  1. 

For  Mode  1  operation  (IGTYPE  =  2  on  the  Type  2 
card)  input  the  longest  length  of  the  initial - 
surface  (Lj  in  the  diagram  above).  Feet. 

For  Mode  2  operation  (IGTYPE  =  0)  input  the 
angle  that  the  skin-friction  surface  makes  with 
the  vehicle  reference  plane  (  e.)  -  deg.  See 
Mode  2  for  CC  35-40. 

For  Mode  1  operation  (IGTYPE  =2)  input  the 
taper  ratio  of  the  initial -surface  (  l\  /  Li  )  • 

This  taper  ratio  is  defined  as  the  ratio  of  the 
shortest  chord  length  to  the  longest  chord  length. 
If  both  the  initial- surface  longest-length  and  the 
longest  length  of  the  surface-of-interest  are  on 
the  same  edge  of  the  shape,  then  the  taper  ratio 
of  the  initial- surface  is  input  as  a  positive 
number.  If  these  lengths  are  on  opposite  sides 
of  the  shape  such  as  in  the  diagram  above  then 
the  initial  surface  taper  ratio  is  input  as  a 
negative  number.  With  these  ground  rules  the 
absolute  value  of  the  taper  ratio  will  never  be 
greater  than  1.  0. 
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Card 

Type  Column  Code  Explanation 

11  35-40  SURF.  4  (Continued  ) 

For  Mode  2  operation  input  the  skin -friction 
surface  wedge  angle  in  this  location,  deg. 

For  Mode  2  operation  the  input  data  in  CC  6, 
29-34,  35-40,  and  41-46  are  sufficient  to 
specify  the  orientation  of  the  skin-friction 
surface  with  respect  to  the  free-stream  direction. 
The  position  of  the  surface  is  not  required  since 
the  aerodynamic  moment  contributions  due  to 
the  skin-friction  shear  forces  are  not  calculated 
when  Mode  2  is  used.  The  equations  used  in 
calculating  the  flow  deflection  angle  (ANGLE1) 
are  given  below. 

If  CC  6  =  1,  then  the  surface  wedge  angle  (&w) 
input  in  this  location  is  the  flow  deflection 
angle  (ANGLE1). 

If  CC  6  =  0,  then  for  an  upper  surface  (as 
specified  in  CC  4)  the  flow  deflection  angle  is 
calculated  by 

ANGLE  1  =  o+  -  a  w 

If  CC  6  =  0,  for  a  lower  surface,  then  the 
flow  deflection  angle  is  calculated  by 
ANGLE  1  =  «+  tii  +  ow 

41-46  SURF,  g  For  Mode  1  operation  input  the  taper  ratio  of 

*  the  surface-of-interest  (  iz  /  ^2  )•  T*1*8  taper 

ratio  is  defined  as  the  ratio  of  the  shortest  chord 
length  to  the  longest  chord  length.  This  taper 
ratio  is  always  positive  and  never  greater  than 

1.  0.  For  Mode  2  operation  input  taper  ratio  of 
skin-friction  surface  (tip  chord/root  chord). 

47-52  SURF.  ,  Input  wall  temperature  for  laminar  calculations, 

*  °R.  This  input  used  when  CC  7=2,  5,  7,  or  9. 

53-58  SURF.  -  Input  wall  temperature  for  turbulent  calculations, 

'  °R.  This  input  used  when  CC  7=2,  5,  7,  or  9. 


59-62  SURFj  g  Prandtl-Meyer -expansion  correction  factor  (He  ) 
’  to  be  applied  to  Newtonian  +  Prandtl-Meyer  T 
pressure  calculations  in  the  skin-friction  calcula¬ 
tions.  See  CC  26-30  on  the  Type  12  card. 

66-68  CASE  Case  number,  not  used  by  program  (integer). 

72  TYPE  Card  Type  number  =  11  (integer). 

77-80  SEQ  Sequence  number  used  to  keep  the  cards  in 

proper  order  (not  used  by  the  program), 
integer. 
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-  This  card  controls  the  vehicle  flight 

attitude  (angle  of  attack  and  sideslip  angle), 
data  for  the  calculation  of  the  surface 
pressures,  and  force-calculation  method 
flags.  The  number  of  Type  12  cards  is 
input  on  the  Type  9  Flight  Condition  Card 
(CC  61-62).  This  number  of  Type  12  cards 
must  be  present  unless  the  flag  in  CC  63  of 
the  Type  9  card  has  been  set  =  1.  The 
Type  12  cards  are  always  loaded  directly 
behind  the  c enter- of-gravity  card  (Type 
10)  when  there  are  no  skin-friction  cards 
(Type  11),  and  behind  the  skin-friction 
cards  when  they  are  present  (see  sheet  7, 
page  C-9). 

Explanation 

Angle  of  attack  (a)  -  Angle  of  attack  of  the  vehicle 
reference  line  (deg.). 

Sideslip  angle  ((})  -  Positive  with  the  wind  striking 
the  right  side  of  the  vehicle  (deg.). 

13-18  CPSTAG  Modified  Newtonian  correlation  factor  (K). 

Always  put  a  realistic  value  for  K  in  this  location 
even  though  the  Modified  Newtonian  pressure 
calculation  method  is  not  being  used.  For  shock- 
detachment  conditions  this  parameter  is  required 
in  the  Newtonian  +  Prandtl- Meyer  option  provided 
as  a  default  for  this  situation. 

Alternate  uses  for  this  input  location  are 

=  Input  pressure  coefficient  in  impact  areas 
when  IMPACT  =  11. 

=  fn  (normal  momentum  accommodation 

coefficient)  when  IMPACT  =  10.  fn  =0.  0  for 
Newtonian  and  1. 0  for  completely  diffuse 
reflection. 

=  Blast  wave  equation  control  flag  when 

IMPACT  =  15.  Input  0.  0  to  use  axisymmetric 
,  equation  and  1.  0  to  use  plane  flow  equation. 


19-25  QRP  Vehicle  rotation  rate  (radians /sec. ). 

=  q  (pitch  rate)  or  =  r  (yaw  rate),  depending 
upon  the  value  of  the  derivative  flag  in  CC  45. 
This  does  not  have  to  be  a  small  value.  * 


Flight  Attitude  Data  Card 


Card 

Type  Column  Code 
12  1-6  ALPHA 

7-12  BETA 


Card 

Type  Column  Code 
12  26-30  ETAC 


Explanation 

This  location  is  used  for  several  different  input 
parameters  depending  upon  the  value  of  the 
impact  pressure  calculation  flag  (IMPACT). 


=  Prandtl- Meyer -expansion  correction  factor 
t]c  in  the  following  equation.  Usually  =  1.  0. 

P  -  P 

_  q  oo 

r.  =  1  c 

P  - w - 

q 

^oo 

=  Input  pressure  coefficient  in  shadow  regions 
when  ISHAD  =  8. 

=  Tg/Ta,  for  IMPACT  =  10.  Tg/T^,  is  the  ratio 
of  body  temperature  to  free-stream  temp. 


=  For  IMPACT  =  15  (blast  wave)  and 

axisymmetric  flow,  input  -JCjy  *  d  (square 
root  of  drag  coefficient  times  the  sphere 
diameter).  For  plane  flow,  input 

Cg2/3,  ,j2/3  (where  Cq  is  the  drag  coeff. 
of  a  cylinder  and  d  is  tne  cylinder  diameter). 


31-35  ENPM 


36-40  QQINF 


Surface  slope  modification  factor.  If  input  as 
*0.0  the  surface  slope  (  G ,  angle  between 
outward  surface  normal  and  velocity  vector) 
will  be  divided  by  this  number.  The  impact 
angle  (6)  is  calculated  as  follows: 

6  =  n/2  -  Ginput  /ENPM 

If  ENPM  is  input  as  =  0.  0  or  1.  0  then  the  body 
slope  is  not  changed. 

This  location  has  an  alternate  use  when  IMPACT 
is  input  as  =  10. 

=  ft  (tangential  momentum  accommodation 
coefficient,  =  0.  0  for  Newtonian  flow 
and  1.  0  for  completely  diffuse  reflection). 

When  IMPACT  =  15  use  this  location  to  input 
X0  for  use  in  the  blast  wave  equations. 

Dynamic  pressure  (q)  at  the  surface  divided  by 
the  free  stream  q. 


Must  be  input  as  1.0  if  no  change  from  free 
stream  is  to  be  made.  This  parameter  is  useful 
in  removing  the  effect  of  a  vehicle  component  or 
in  changing  the  local  q  because  of  interference 
from  other  components.  This  factor  is  not 
applied  to  skin-friction  force  contributions 
under  Mode  2  skin-friction  operation  but  it 
is  used  to  alter  the  skin-friction  shear  force 
for  Mode  1  type  of  skin-friction  operation. 
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Card 

Type  Column  Code  Explanation 

12  41-42  IMPACT  Impact  force -calculation  method  flag.  The 

following  methods  are  available  for  calculation 
of  pressures  on  surface  elements  in  impact  flow 
(right-justified  integer). 

=  1  Modified  Newtonian  (K  is  input  in  CC  13-18). 

=  2  Modified  Newtonian  +  Prandtl-Meyer 

(CC  26-30  must  contain  the  proper  value 
for  Tlc). 

=  3  Tangent-wedge  (using  oblique-shock 
tables). 

=  4  Tangent -wedge  empirical. 

=  5  Tangent -cone  empirical . 

=  6  OSU  Blunt -Body  Empirical  (K  must  be 
input  in  CC  13-1 8). 

=  7  Van  Dyke  Unified  Method  (small 
disturbance  theory). 

=  8  Blunt-body  skin-friction  shear -force 
contributions  to  the  aero  forces.  The 
deck  set-up  is  just  like  a  regular  pressure 
calculation  run.  The  aero  forces 
obtained  must  be  added  to  the  forces 
calculated  using  one  of  the  other  force 
calculation  methods  (usually  modified 
Newtonian). 

=  9  Shock-expansion  Method  (strip  theory). 
IORIEN  on  Type  2  card  may  be  =  0  or  1. 

For  control  surfaces  (IGTYPE  =  1) 

IORIEN  must  be  =  1. 

=  10  Free -molecular  flow.  Input  fn  in 

CC  13-18,  4  in  CC  31-35,  and  Ts/T* 
in  CC  26-30.  See  Volume  II  free- 
molecular  discussion. 

=  11  Input  pressure  coefficient  (use  CC  13-18 
for  the  pressure  coefficient). 

=  12  Hankey  flat-surface  empirical. 

=  13  Delta-wing  empirical. 

=  14  Dahlem-Buck  empirical. 

=  15  Blast-wave  pressure  increments.  See 
CC  13-18,  26-30,  31-35,  for  additional 
input  parameters. 

=  16  Modified  tangent-cone. 
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Explanation 


C 


Card 

Typ's  Column  Code 
12  41-42  IMPACT 


(Continued) 

=  17  Boundary-layer  induced  pressures.  This 
method  calculates  the  vehicle  force 
increments  caused  by  the  boundary4ayer 
displacement  effects.  The  deck  set-up 
for  this  option  should  be  exactly  as  for 
the  skin  friction  option  using  IGTYPE  =2, 
except  that  an  IMPACT  =  17  and  ISHAD 
=  10  will  cause  the  program  to  calculate 
induced  pressure  forces  rather  then 
the  skin-friction  forces.  The  force 
contributions  calculated  by  this  method 
should  be  added  to  the  results  obtained 
from  regular  inviscid  pressure  calculations 
(using  summation  capability  on  the  Type  1 
card).  Since  this  method  requires  all 
the  skin -friction  data  (Type  11  cards),  it 
should  be  used  only  with  skin-friction 
geometry  elements  input  on  the  Type  3 
cards. 


43-44  ISHAD 


Shadow  force -calculation  method  flag.  The 
following  methods  are  available  for  calculation 
of  pressures  on  surface  elements  in  shadow 
flow  (right -justified  integer). 

=  1  Newtonian  (i.  e. ,  Cp  =  0.0). 

=  2  Modified  Newtonian  +  Prandtl-Meyer 

(CC  26-30  must  contain  the  proper  value 
for  nc). 

=  3  Prandtl-Meyer  expansion  from  free-stream. 

=  4  OSU  blunt -body  empirical  (K  must  be 
input  in  CC  13-181. 

=  5  Van  Dyke  Unified  Method  (small 
disturbance). 

=  6  High  Mach  number  base  pressure 
(Cp=-1/M2). 

=  7  Shock-expansion  (strip  theory).  See 
IMPACT  =  9  discussion. 

=  8  Input  pressure  coefficient  (use  CC  26-30 
for  the  input  pressure  coefficient). 

=  9  Free -molecular  flow.  See  IMPACT  =1  0 
for  other  input  requirements. 

=  10  Boundary-layer  induced  pressures.  See 
IMPACT  =  17  for  complete  requirements. 
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Card 

Type  Column  Code 
1 2  45  IDERIV 


46  PRINT 


Explanation 

Derivative  flag  —  This  flag  controls  the  calculation 
of  stability  derivatives.  (Integer) 

=  0  No  stability  derivatives  are  to  be  calculated 
directly  by  the  program.  Derivatives  may 
be  obtained  by  manually  taking  the  slopes 
from  the  coefficient  data. 

=  1  Derivatives  with  respect  to  angle  of 

attack  will  be  calculated:  C.  »  C  ,  etc. 

La  ma 


=  2 

=  3 


Derivatives  with  re 
be  calculated:  Cv 

P 


spect  to  sideslip  angle  will 

•  C  ,  e  tc . 
n  „ 


(Reserved  for  roll -derivative  calculations  - 
MARK  IHMod  0  program  does  not  have  this 
capability. ) 


=  4 


Control-surface  derivatives 


etc.  This  component  of  the  vehicle  must 
be  a  control-surface  component,  with  all 
the  geometry  input  properly.  This  option 
will  cause  a  large  increase  in  machine 
time . 


=  5  Dynamic  derivatives  in  pitch  -  CM  ,  C^  , 

etc.  This  option  will  also  give  alpha 
derivatives,  C^  .  etc.  The  plunge 

CL 

derivative  will  be  calculated  if  the  plunge 
derivative  flag  has  been  set. 

=  6  Dynamic  derivatives  in  yaw  -  Cy  »  CR  , 

1  r  r 

t„c.  This  option  will  also  give  beta 
derivatives,  Cv  ,  CM  ,  etc.  The 
*0  *0 

derivative  Cv  will  also  be  calculated 

X0 

if  the  plunge  derivative  flag  has  been  set. 


Print  flag  -  This  flag  controls  the  printing  of  the 
detailed  force  contributions  of  each  vehicle 
element  (integer). 


=  0  Do  not  print  detailed  element  force  data. 

=  1  Print  detailed  force  contributions  of  each 

vehicle  element  (a  large  amount  of  output 
will  be  produced  and  machine  time  will 
increase).  This  option  is  recommended  for 
at  least  one  angle  of  attack  when  the  shock- 
expansion  force  method  is  used. 
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Card 

Type  Column  Code  Explanation 

12  47  IPRINT  Print  Shock-Expension  Calculations  flag  —  This 

flag  controls  the  printing  of  detailed  shock- 
expansion  calculations  (a  large  amount  of  output 
is  produced  )  (integer). 

=  0  Do  not  print  defiled  shock-expansion 

calculations. 

=  1  Print  shock-expansion  calculations. 

48  NW  Wall  temperature  calculation  method  flag  for  use 

in  control -surface  separation  calculations  (only 
used  when  IGTYPE  =  1).  This  input  parameter  is 
the  same  as  the  ISj  g  parameter  (CC  7)  of  the 
Type  11  skin-friction  cards.  If  NW  =  2,  5,  7,  or  9 
the  wall  temperature  must  be  input  in  CC  62-65 
of  the  Type  12  card. 


49-50  IMPACT.  Impact  method  for  Shock-Expansion  calculations. 

This  flag  controls  the  method  to  be  used  in  the 
calculation  of  the  pressure  and  local  properties 
on  the  first  element  of  each  streamwise  strip 
for  subsequent  shock -expansion  calculations. 
The  available  methods  are  listed  below.  This 
is  used  only  when  IMPACT  =  9  or  when  control- 
surface  component  is  being  used  (right- justified 
integer). 

=  3  Tangent-wedge  (oblique  shock) 

=  5  Tangent-cone  empirical 

=  13  Delta-wing  empirical 


51-52  ISHADI  Shadow  method  for  Shock-Expansion  calculations. 

This  flag  controls  the  method  to  be  used  in  the 
calculation  of  the  pressure  and  local  properties 
on  the  first  element  of  each  streamwise  strip 
for  subsequent  shock-expansion  calculations 
(if  the  first  element  is  in  a  shadow  region).  This 
is  used  only  when  ISHAD  =  7  or  when  a  control- 
surface  component  is  being  used.  The  only 
acceptable  method  at  the  present  time  is 

=  3  Prandtl-Meyer  expansion  from  free 

stream  (right -justified  integer) 

55-59  DELTE  Control-surface  deflection  5  •  Positive 

C 

•  deflection  is  a  movement  of  the  surface  out  into 
the  free  stream  -  deg.,  (use  only  when  IGTYPE 
=  1  or  3). 
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Explanation 

Boundary-layer-transition  Reynolds  number  to 
be  used  in  control -surface  flow -separation 
calculations.  Number  input  is  Reynolds 
number  in  millions,  i.  e.  RETRAN  =  1.  0  would 
be  1.  0  x  10  .  To  force  program  to  use  laminar 
flow,  input  a  large  number  (9999). 1  To  force 
the  use  of  turbulent  flow,  input  RETRAN  =0.0. 
To  give  surface  pressures  without  flow- 
separation  effects  input  RETRAN  =  -  1.  0  . 


62-65 

TWALL 

Input  wall  temperature  when  IGTYPE  =  1  and 
NW  in  CC  48  is  =  2,  5,  7,  or  9.  °R. 

66-68 

CASE 

Case  number  -  not  used  by  the  program 
(right -justified  integer). 

71-72 

TYPE 

Type  code  -  12  (integer). 

77-80 

SEQ 

Sequence  number  used  to  keep  cards  in  proper 
order  (not  used  by  the  program)  (right- 
justified  integer). 

Type  Column  Code 
12  58-61  RETRAN 


Plunge  Derivative  Data 


Card 


Type 

Column 

Code 

14 

1 

IP  ART 

71-72 

TYPE 

77-80 

SEQ 

15 

1-10 

AR 

11-20 

LAMBDA 

21-30 

M 

31-40 

SWBYS 

41-50 

CWBYC 

51-60 

S 

61 

K 

These  data  cards  are  used  in. calculating  the 
dynamic  derivatives  C  and  Cv  .  This 

option  may  be  used  at  the  direction  of  either 
the  IABDOT  parameter  on  the  Element  Data 
Title  Card  (used  when  calculating  plunge 
derivatives  based  on  summation  data),  or  the 
IABDOT  control  on  the  Flight  Condition  Card 
(used  when  derivatives  are  to  be  baaed  on 
component  data).  A  new  (fresh)  entry  to  the 
plunge  derivative  part  of  the  program  must  be 
made  for  each  type  of  calculation  required 
(wing,  tail,  body,  C  ,  or  Cv  )  (see  sheet  9, 

ma 

page  C-  11). 

Explanation 

Component  type  identification  flag. 

=  1  wing 

=  2  body 

=  3  tail 

Card  type  number  =  14 

Card  sequence  number  (not  used  by  program) 
Wing  aspect  ratio 

Wing  taper  ratio  (tip  chord/root  chord) 

CotA^g  (cotangent  of  leading-edge  sweep  angle) 

Ratio  ot  exposed  wing  area  to  reference  wing 
area 

Mean  aerodynamic  chord  of  exposed  wing 
Exposed  wing  semispan 

Flag  to  control  equation  to  be  used  in  calculation 
(interference  factor  for  effect  of  body  in 

presence  of  wing). 

=  0  input  value  of  on  Type  16  card 

=  1  use  slender-body  theory 

(NACA  TR  1307  eq.  21) 

=  2  half-planform  is  a  trapezoid,  NACA 
TR  1307, 

Eq.  24  for  supersonic  leading  edge 
Eq.  26  for  subsonic  leading  edge 
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u 


O 


Card 

Type  Column  Code 
15  61  K 


71-72  TYPE 
77-80  SEQ 


Explanation 

=  3  Rectangular  planform,  Eq.  27  of 

TR  1307 

=  4  Triangular  planform,  TR  1307 

Eq.  28  subsonic  leading  edge 
Eq.  29  supersonic  leading  edge 

=  5  Half-planform  is  a  trapezoid 

(no  afterbody  for  wing) 

Eq.  30  supersonic  leading  edge 
Eq.  31  subsonic  leading  edge 

Card  type  number  =15 

Card  sequence  number 


1-10 

CR 

Wing  root  chord 

11-20 

R 

Body  radius  at  wing  root 

21-30 

BETA 

Prandtl-Glauert  factor,  ^Mach^  1 

31-40 

CLALW 

Lift-curve  slope  for  wing  (per  radian) 

41-50 

CMWPR 

Wing-alone  pitching-moment  derivative 

51-60 

KBW 

Interference  factor  for  effect  of  body  in 
presence  of  wing 

71-72 

TYPE 

Card  type  number  =16 

77-80 

SEQ 

Card  sequence  number 

1-10 

AR 

Tail  aspect  ratio 

11-20 

LAMBDA 

Tail  taper  ratio 

21-30 

M 

Cot  (cotangent  of  leading-edge  sweep  angle) 

31-40 

SWBYS 

Ratio  of  exposed  tail  area  to  referenced  wing 
area 

41-t;0 

GAMMAT 

Tail  dihedral,  deg. 

51-60 

S 

Tail  semispan 

61 

K 

(See  type  15  card  at  CC  61.) 

71-72 

TYPE 

Card  type  code  =  17 

77-80 

SEQ 

Card  sequence  number 
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Card 


Type 

Column 

Code 

Explanation 

18 

1-10 

CR 

Tail  root  chord 

11-20 

R 

Body  radius  at  tail  root 

21-30 

BETA 

Prandtl-Glauert  factor 

31-40 

CLALW 

Lift-curve  slope  for  tail  (per  radian) 

41-50 

UPWASH 

Tail  upv/ash  derivative  caused  by  the  wing 

51-60 

XBTBYC 

Tail  length  divided  by  reference  chord 

71-72 

TYPE 

Card  type  number  =18 

77-80 

SEQ 

Card  sequence  number 

19 

1-10 

KBW 

Interference  factor  for  effect  of  body  in 
presence  of  tail 

11-20 

Q 

Tail  effectiveness  ratio 

71-72 

TYPE 

Card  type  number  =19 

77-80 

SEQ 

Card  sequence  number 

20 

1-10 

VOLUME 

Body  volume 

11-20 

SFRONT 

Body  frontal  area 

21-30 

LENGTH 

Body  length 

31-40 

XO 

Position  of  center  of  gravity 

41-50 

XC 

Area  centroid  location  of  body 

51-60 

C 

Body  reference  length 

71-72 

TYPE 

Card  type  number  =  20 

77-80 

SEQ 

Card  sequence  number 

21 

1-10 

VOLUME 

Body  volume 

11-20 

SFRONT 

Body  frontal  area 

21-30 

B 

Wing  span  (yawing-coefficient  reference  length) 

71-72 

TYPE 

Card  type  number  =  21 

77-80 

SEQ 

Card  sequence  number 

82 


Thrust  Vector  Data  Cards  —  These  cards  are  used  to  provide  input  thrust- 

vector  data  for  conversion  to  aerodynamic 
coefficients.  Thrust-vector  capability  may  be 
used  at  two  different  times  as  desired.  First, 
thrust-vector  data  may  be  input  at  the  time  that 
saved  data  is  being  added  under  the  control  of 
the  data  summation  flag.  Second,  thrust-vector 
data  may  be  input  after  all  the  angle -of- attack 
data  for  a  given  component  have  been  calculated 
(see  sheet  10,  page  C-ll). 


Card 


Column 

Code 

Explanation 

1-11 

F 

Force-vector  magnitude,  pounds. 

11-16 

XCENT 

X-coordinate  of  vector  point  of  application. 

17-22 

YCENT 

Y-coordinate  of  vector  point  of  application. 

23-28 

ZCENT 

Z-coordinate  of  vector  point  of  application. 

29-34 

NX 

Direction  cosine  of  force  vector  in  X-direction 
(positive  when  vector  is  pointing  in  the  X 
direction). 

35-40 

NY 

Direction  cosine  of  force  vector  in  Y-direction 
(positive  when  vector  is  pointing  in  the  Y 
direction) . 

41-46 

NZ 

Direction  cosine  of  force  vector  in  Z-direction 
(positive  v/hen  vector  is  pointing  in  the  Z 
direction) . 

60 

LAST 

Last  vector  card  control  flag 
=  0  This,  is  not  the  last  vector  card 
=  1  This  is  the  last  vector  card 

62 

IPRINT 

Print  flag 

•=  0  Do  not  print  vector  data 

=  1  Print  vector  results 

71-72 

TYPE 

Card  type  number  =  22 

77-80 

SEQ 

Card  sequence  number  (not  used  by  program). 

(This  page  intentionally  left  blank) 
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(  GEOMETRY  DATA 

Several  options  are  available  for  describing  the  geometric  shape  of  a  vehicle 
or  component  for  use  in  this  program.  These  methods  are  selected  at  the 
discretion  of  the  user.  A  given  vehicle  may  be  defined  by  a  combination  of 
the  methods.  These  methods  permit  the  user  to  describe  a  completely  arbi¬ 
trary  shape,  or  to  synthesize  a  vehicle  from  simple  component  parts,  depend¬ 
ing  upon  the  requirements  of  the  problem.  The  general  techniques  used  in 
achieving  this  are  outlined  below. 

In  the  Mark  III  Program  the  geometry  data  are  input  in  one  of  the  following 
forms. 

1.  Surface-elemer*  method  (distributed  elements).  This  method  uses 
a  large  number  '  surface  coordinate  points  that  are  related  in 
groups  of  4  to  f  a  surface  element.  The  program  then  converts 
the  area  defined  ,  each  set  of  4  points  into  a  plane  quadrilateral 
element.  All  types  of  input  geometry  data  eventually  end  up  in 
this  form  before  actual  force  computations  are  made. 

2.  Elliptical-cross-section  data.  In  this  method  the  input  data  consist 
of  the  necessary  radii,  circle  or  ellipse  center,  and  the  sector 

of  the  circle  or  ellipse  to  be  used.  The  program  then  converts 
these  data  into  exactly  the  same  surface -element  form  as 
described  in  the  above  paragraph.  These  data  created  by  the  pro¬ 
gram  are  in  the  correct  format  for  conversion  to  plane  quadrilaterals 
for  subsequent  calculations.  The  element  geometry  data  generated 
in  this  method  are  stored  on  the  geometry  data  storage  tape  (Tape  8). 

3.  Mathematical  surface  fit  (Parametric  Cubics).  The  surface  input 
data  for  this  method  consist  of  coordinates  of  points  along  the 
four  boundaries  of  a  patch.  The  coefficients  for  a  mathematical 
surface  fit  equation  are  then  calculated  to  provide  a  description 

of  the  interior  surface  of  the  patch.  This  surface  is  then  converted 
to  exactly  the  same  form  as  in  method  1  by  a  systematic  variation 
of  the  two  parametric  parameters.  Again,  as  in  method  2  above, 
the  resulting  element  data  are  saved  on  the  geometry  storage  tape 
for  subsequent  conversion  to  plane  quadrilaterals. 

4.  External  Surface  Generation  Program.  In  this  method  the  geometry 
data  in  element  form  are  generated  by  some  surface  generation  pro¬ 
gram  external  to  the  AERO  program.  The  Slab  Delta  Generation 
Program  is  one  such  program. 

The  selection  of  the  method  to  be  used  in  describing  a  shape  depends  upon 
the  detailed  requirements  of  the  problem  and  the  vehicle  shape.  For 
completely  arbitrary  shapes  either  the  surface  element  or  the  parametric 
cubic  method  would  be  used.  For  simple  shapes,  such  as  a  vehicle  nose, 
leading  edge,  or  circular  or  elliptical  cross  section,  the  elliptical- 
surface  generation  method  (method  2)  would  be  used.  For  a  vehicle  synthe¬ 
sized  from  a  number  of  simple  components  the  geometry  data  can  be  gener¬ 
ated  by  a  separate  program,  just  as  has  been  done  for  the  slab  delta. 
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The  important  result  of  this  general  approach  to  the  geometry  problem  is 
that  the  force-calculation  part  of  the  program  Is  not  affected  by  the  method 
used  to  input  the  geometric  shape.  The  form  of  the  geometry  data  can  be 
varied  to  meet  the  situation. 

The  coordinate  system  used  for  all  the  geometry  data  is  shown  in  the  figure 
below.  For  symmetrical  vehicles  it  is  standard  practice  to  input  the  left 
side  of  the  vehicle  only. 


Since  all  of  the  geometry  options  finally  produce  geometry  data  in  surface - 
element  form,  it  is  important  that  the  methods  and  nomenclature  used  with 
this  method  be  clearly  understood.  It  is,  therefore,  recommended  that  the 
input  instructions  for  the  surface -element  method  be  studied  before  an 
attempt  is  made  to  use  either  the  ellipse  or  the  parametric  cubic  options. 

Under  certain  circumstances,  the  input  geometry  data  must  be  input  in  a 
prescribed  manner.  This  occurs  when  using  the  shock-expansion  pressure- 
calculation  method  or  when  analyzing  a  control-surface  component.  A 
discussion  of  these  problems  is  presented  on  pages  98  and  99,  and  may  be 
referred  to  after  the  basic-geometry  input  methods  are  understood. 


Surface-Element  Input  Data  (Distributed-Element  Method) 

The  geometric  input  data  in  this  method  include  the  coordinates  of  a  large 
number  of  points  on  the  vehicle  surface.  The  input  data  are  organized  in  a 
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manner  that  permits  the  description  of  a  vehicle  on  a  component-buildup 
basis.  This  gives  increased  flexibility  in  shape  description  and  makes  it 
possible  to  use  different  force -calculation  methods  for  different  components. 
Because  of  possible  changes  in  the  surface  contours  of  a  component,  it 
may  also  be  necessary  to  divide  the  component  into  several  sections.  Each 
section  of  a  veh!cle  component  is  further  divided  into  a  number  of  small 
units  called  elements,  each  defined  by  four  points  in  space.  In  practice, 
the  surface  coordinates  are  usually  recorded  from  cross-section  drawings 
of  the  vehicle  in  such  a  way  that  each  point  need  be  read  only  once  (even 
though  it  may  be  a  member  of  as  many  as  four  adjacent  elements).  Each 
point  is  defined  by  its  three  coordinates  and  a  STATUS  flag  that  indicates 
whether  it  is  the  first  point  of  a  new  section,  a  continuation  of  a  column  of 
points,  the  beginning  of  a  new  column,  or  the  last  point  of  the  vehicle.  The 
program  uses  the  STATUS  flags  to  determine  how  the  input  points  are  to  be 
related  to  form  elements,  and  how  the  elements  are  combined  to  form  a 
section. 


The  first  question  that  the  user  asks  when  starting  to  load  the  element 
geometry  is,  "In  what  order  do  I  enter  the  surface  points?"  The  basic  rules 
to  be  followed  are  given  below.  These  will  be  followed  by  a  discussion  of  a 
visual  technique  that  many  users  will  find  helpful  in  determining  the  proper 
loading  order. 


For  the  purpose  of  organizing  the  input  data  for  computation,  each  point  is 
assigned  a  pair  of  integers,  m  and  n.  These  integers  are  not  actually  input 
to  the  program  (they  are  calculated  internally)  but  their  use  in  the  following 
discussion  will  provide  a  better  understanding  of  the  input-data  organization. 
For  each  point,  n  identifies  the  "column"  of  points  to  which  it  belongs,  and 
m  identifies  its  position  in  the  "column,  "  i.e. ,  the  "row.  "  The  first  point 
of  a  "column"  always  has  m  =  1.  To  insure  that  the  program  will  compute 
outward  normal  vectors,  the  following  condition  for  the  order  of  Input  points 
must  be  satisfied.  If  an  observer  is  located  in  the  flow  and  is  oriented  so 
that  locally  he  sees  points  on  the  surface  with  m  values  increasing  upward, 
he  must  also  see  n  values  increasing  toward  the  right.  Strict  adherence  to 
this  simple  rule  will  always  lead  to  a  correct  set  of  input  geometry  data. 
Examples  of  correct  and  incorrect  input  are  shown  in  the  sketches  below. 

In  these  pictures  the  flow  field  lies  above  the  paper,  and  the  interior  of 
the  body  lies  below  the  paper.  The  arrows  indicate  the  order  of  reading  the 
points . 


Correct  Input 


n=3 


n-2 


=1  n= 

*2  n= 

=  3  on* 

=2  m= 

< 1 

>  ' 

o=l 


Incorrect  Input 


n=l  n=2  n=3 

m=ir 
m=2l 
m=3t 


Associated  with  each  input  point  is  an  input  quantity  called  its  status.  The 
first  point  of  each  new  section  has  Status  =  2.  Except  for  the  first  n-line  of 
a  section,  the  first  point  of  each  n-line  has  Status  1.  The  last  point  of  the 
component  of  the  vehicle  has  Status  3.  All  other  points  have  Status  =  0, 

l.e.,  they  may  be  left  blank  on  the  input  sheet.  The  program  will  not  exit 
properly  from  the  surface-data  subprogram  and  into  the  force-calculation 
phase  until  it  reads  a  Status  =  3 . 

The  simple  visual  technique  described  below  is  helpful  in  determining  the 
proper  order  of  the  input  points. 

1.  First,  assume  that  you  are  holding  in  your  hand  a  small  model  of 
the  vehicle  shape.  Many  program  users  find  it  helpful  to  construct 
a  small  paper  model  to  help  in  visualizing  the  geometry  loading 
procedure.  On  this  model  we  will  draw  lines  to  represent  the 
elements  to  be  loaded  for  a  given  vehicle  section.  This  process  is 
illustrated  in  the  photographs  in  Figure  lb. 

2.  Next,  decide  which  strips  of  elements  are  to  constitute  "columns" 
and  which  "rows.  "  In  most  problems  one  of  two  procedures  is 
selected  —  either  a  "column"  of  elements  starts  at  the  bottom  of 
the  shape  and  continues  around  to  the  top,  roughly  following  vehicle 
cross-section  lines,  or  a  "column"  is  oriented  so  that  it  starts 

at  the  front  part  of  the  vehicle  and  runs  aft  toward  the  rear. 

3.  Hold  the  model  out  in  front  of  you  and  rotate  it  until  the  columns 
are  vertical  with  the  first  row  of  elements  at  the  bottom.  This 
procedure  should  be  used  regardless  of  what  part  of  the  vehicle  is 
being  loaded  —  the  body,  fin,  inside  of  fin,  etc.  Always  orientate 
the  model  so  that  you  are  looking  at  the  section  to  be  loaded  (from 
the  outside,  looking  at  the  surface)  with  the  columns  running 
vertical  and  the  rows  running  horizontal. 

4.  Now  that  you  have  the  section  being  loaded  oriented  in  front  of  you, 
with  the. column s  vertical,  apply'the  following  cardinal  geometry 
rule  i 

.  If  a  column  of  data  points  are  loaded  from 
the  bottom  to  the  top,  then  the  next  column 
of  points  (starting  with  a  Status  =  1)  must 
be  to  the  right. 

All  of  the  geometric  input  data  for  this  geometry  option  are  input  on  Type  3 
Element  Data  cards.  Each  card  contains  the  X,  Y,  Z  coordinates  and 
Status  flag  for  two  points  on  the  body  surface.  Every  card  in  the  element- 
geometry  deck  must  contain  two  surface  points  except  the  last  card,  which 
may  have  only  the  first-surface-point  coordinates  and  status  filled  in.  If  a 
particular  line  of  vehicle  points  is  odd  in  number  then  it  is  usually  advisable 
to  repeat  the  last  point  (a  dummy  point)  so  that  the  last  card  will  have  two 
sets  of  point  data.  This  permits  the  shifting  of  vehicle  sections  of  the  deck 
without  disrupting  other  sections. 
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Figure  16.  Use  of  Small  Paper  Model  in  Visualizing  Geometry  Loading 
Procedure.  (In  each  example  the  pen  is  pointing  at  the  first 
point  to  be  loaded  and  in  the  direction  of  the  first  column  of 
input  points. ) 
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Note  that  if  the  element  data  is  being  converted  into  quadrilaterals  for  force 
calculations,  then  the  last  status  flag  must  be  =  3.  During  the  reading  of 
surface-element  geometry  data  from  tape  5  or  from  tape  8  (as  controlled  by 
the  flag  ITAPE  on  the  Type  2  Element  Data  Control  Card)  the  program  will 
continue  to  read  cards  until  it  finds  a  status  flag  =  3.  Activity  in  the  Surface 
data  subroutine  (SDATA)  will  then  stop  and  control  transferred  back  to  the 
main  AERO  program.  The  next  card  after  an  element-data  card  with 
STATUS  =  3  must  always  be  a  Type  8  Force  Data  Title  card. 

The  detailed  description  of  the  input  data  for  the  surface-element  method 
is  presented  below  (see  sheet  3,  page  C-5). 

Element  Data  Input  Cards 

Card 


Type 

Column 

Code 

Explanation 

3 

1-10 

X 

X-coordinate  of  surface  point  (the  value  of 
X  is  written  anywhere  in  this  space  with  a 
decimal  point  and  sign;  usually  input  only 
if  it  is  negative). 

11-20 

Y 

Y-coordinate  of  surface  point 

21-30 

Z 

Z -coordinate  of  surface  point 

31 

STAT 

Status  flag  for  the  above  set  of  coordinates 
(=2,  1,  0,  or  3). 

•  i 

32-41 

42-51 

XX 

YY 

X-coordinate  of  surface  point 

Y-coordinate  of  surface  point 

m  t 

52-61 

ZZ 

Z  -coordinate  of  surface  point 

■  -p 

62 

STATT 

Status  flag  for  the  above  set  of  coordinates 
(=2,  1,  0,  or  3). 

66-68 

CASE 

Case  number  (right -justified  integer) 

69-70 

SECT 

Numbers  or  letters  to  identify  the  vehicle 
section.  These  must  be  legal  machine 
characters . 

72 

TYPE 

Card  type  number  =  3 

77-80 

SEQ 

Card  sequence  number.  This  number  is 

used  to  identify  each  card  of  a  particular 
section  and  to  aid  in  keeping  the  cards  in 
order  (right-justified  integer). 
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Elliptical-Cress -Section  Data 

This  geometry  option  provides  the  capability  of  generating  geometric  data 
for  vehicle  components  having  whole  or  partial  circular  or  elliptical  cross 
sections  with  a  minimum  amount  of  input  information  required.  This  option 
is  usually  used  to  generate  hemispherical  noses  and  wing  and  tail  leading 
edges. 

The  data  generated  by  this  option  is  saved  on  the  geometry  storage  tape 
(Tape  8)  in  normal  surface-element  input  data  form.  In  this  manner  it  is 
possible  to  describe  a  vehicle  with  a  combination  of  both  hand-input  data 
(in  surface- element  or  parametric-cubic  input  form)  and  analytically  derived 
circular  or  elliptical  cross-section  data. 

The  input  data  for  this  geometry  option  is  described  below.  Input  sheet  5  is 
used  for  these  data.  The  input  procedure  is  to  define  the  basic  properties 
of  a  circular  or  elliptical  cross  section  (a  cut  in  the  Z-Y  plane  with  X  being 
a  constant  for  the  cross  section).  Each  cross  section  where  a  set  of  element 
data  is  desired  must  be  input  in  this  manner.  The  first  cross  section  must 
be  toward  the  front  of  the  vehicle,  and  each  suceeding  section  must  be 
toward  the  rear.  See  sheet  4,  page  C-5. 

Ellipse  Generation  Control  Card 

Card 

Type  Column  Code  Explanation 

4  1-48  TITLE  Vehicle  section  or  component  title.  Any 

acceptable  machine  characters. 

60  DISCON  Angular-data  option  flag.  This  flag  controls 

the  angular  division  of  the  cross  section  and 
the  dummy  points  generated  to  give  complete 
card  output  for  the  geometry  storage  tape. 

See  sketch  below. 


Explanation 
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Card 

Type 

4 


Column 

60 


Code 

DISCON 


i 


61  IPRINT 


66-68  CASE 
69-70  SECT 

72  TYPE 


The  angular-data  options  are  given  below. 

=  1  All  initial  angles,  e^,  and  all  final 

angles,  ,  are  the  same  for  each 

cross  section  for  this  section  of  the 
vehicle. 

=  2  All  dj  in  the  vehicle  section  are  the 
same  but  the  60  varies. 

=  3  All  0o  in  the  vehicle  section  are  the 
same  but  the  6jg  varies. 

Print  flag.  This  flag  controls  the  printing 
of  the  element  data  generated  in  this  option. 
This  data  printout  will  contain  the  exact 
information  written  on  the  geometry  storage 
tape. 

=  0  Do  not  print  data 
=  1  Print 

Case  number.  A  right-justified  integer  used 
to  identify  the  vehicle  data. 

Section  identification.  A  number  or  letter 
used  to  identify  this  section  or  component  of 
the  vehicle.  Any  acceptable  machine 
characters. 

Card  Type  number  =  4  (integer) 


Cross-Section  Data  Cards  (one  card  for  each  cross-section  cut  desired) 


Card 


Type 

Column 

Code 

Explanation 

5 

1-10 

X 

X-station  (usually  negative  if  the  vehicle 
nose  is  at  the  coordinate  system  origin). 

11-16 

THE  TO 

Initial  angle,  0Q>  Degrees 

17-22 

THETL 

Final  angle,  $*,  Degrees 

23-25 

NN 

Number  of  divisions  of  cross  section 

desired.  This  number  controls  the  number 
and  spacing  of  the  elements  generated 
between  ^  and  6^.  Right-justified  integer. 


26-35 

A 

Ellipse  radius  along  the  Y-axis, 

a. 

36-45 

B 

Ellipse  radius  along  the  Z-axis, 

b. 

46-52 

DELZ 

Offset  of  center  of  ellipse  in  the 
AZ. 

Z-direction 

92 


Card 

Type  Column  Code 
5  53-59  DELY 


60  LAST 


72  TYPE 


Explanation 

Offset  of  center  of  ellipse  in  the 
AY. 


♦ 

'  +AY  < 

-^+AZ 

f 

Last  Flag.  This  flag  controls  the  Status 
flag  (STATT)  of  the  last  element  point 
generated  and  the  position  of  the  geometry 
data  storage  tape  (Tape  8)  after  the  element 
data  has  been  written  on  it. 

=  0  This  is  not  the  last  cross  section;  set 
STATT  =  0  and  read  in  new  cross- 
section  card. 

=  1  This  is  the  last  cross  section;  no  more 
cross  sections  are  provided,  set  last 
STATT  =  0,  write  end  of  file  (EOF)  on 
geometry  storage  tape  (Tape  8)  and 
return  to  the  surface  data  routine. 

Note  that  since  the  last  status  flag 
STATT  =  0  rather  than  =  3,  that 
quadrilaterals  cannot  be  calculated  for 
this  vehicle  section.  The  Element  Data 
Control  card  (Type  2)  must  contain  a 
"5"  in  CC  61,  and  the  next  Force  Data  Title 
card  should  contain  a  "1"  in  CC  60. 

=  2  This  is  the  last  cross  section  for  this 
vehicle  section  or  component.  Set  the 
status  flag  STATT  =  0,  and  read  in  a 
new  ellipse  data  title  card. 

=  3  This  is  the  last  cross  section;  no  more 
sections  are  provided,  set  last  STATT 
=  3,  write  end  of  file  on  geometry  tape, 
and  backspace  the  tape  (Tape  8)  by  the 
number  of  records  written  for  this 
vehicle  component.  The  surface-data 
routine  wilinowbe  able  to  read  this 
data  and  convert  into  quadrilaterals 
for  use  in  the  force  calculations. 

=  4  This  is  the  last  cross  section;  no  more 
sections  are  given,  set  last  STATT  =  3, 
write  end  of  file  on  geometry  tape,  but 
do  not  backspace  Tape  8  as  in  the  above 
option. 

Card  Type  number  =  5  (integer) 

' 
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Parametric- Cubic  Input  Data 

The  geometry-input  option  is  provided  as  an  alternate  input  method  in  the 
description  of  arbitrary  shapes.  In  this  respect,  It  serves  the  same  purpose 
as  the  surface-element  input  method. 

In  the  surface-element  input  method  a  vehicle  section  is  described  by  a  large 
number  of  surface  points  organized  in  an  element  fashion.  In  the  Parametric 
Cubic  method  only  points  along  the  boundaries  of  a  patch  are  input  to  the 
program  and  the  distributed  surface  points  (surface  elements)  required  for 
the  subsequent  quadrilateral  calculations  are  determined  by  the  program. 

The  basic  features  of  this  method  are  that  (1)  fewer  input  points  are  required 
to  describe  a  shape,  (2)  the  input  of  this  data  is  a  little  more  complicated, 
and  (3)  the  generated  element  size  is  controlled  by  two  input  parameters  and 
may  be  changed  to  meet  the  requirements  of  the  problem. 

The  input  data  for  this  option  uses  input  data  sheet  5.  The  input  data 
consist  of  points  along  the  four  boundaries  of  a  patch.  The  program  calcu¬ 
lates  the  coefficients  for  a  mathematical  surface -fit  equation  to  provide  a 
description  of  the  interior  surface  of  the  patch.  This  surface  is  then  con¬ 
verted  into  exactly  the  same  form  as  the  normal  surface-element  input  data 
for  further  calculations.  The  element  data  generated  is  saved  on  the 
geometry  storage  tape  (Tape  8)  for  use  in  other  phases  of  the  program. 

The  figure  below  illustrates  how  a  section  is  described  by  this  method. 


Each  of  the  four  boundaries  is  identified  in  this  figure  by  a  number  inside 
a  circle.  The  input  data  for  each  of  these  boundaries  must  be  input  in  the 
order  indicated  by  these  numbers,  i.e.,  boundaries  1,  2,  3,  and  4.  The 
order  of  the  input  points  on  a  boundary  and  the  order  of  the  boundaries  is 
very  important.  The  approach  to  insure  a  correct  input  of  the  data  is 
similar  to  that  used  for  the  quadrilateral-element  input  data.  First,  the 
user  should  imagine  that  he  is  holding  a  small  model  of  the  vehicle  in  his 
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hand.  The  vehicle  is  divided  into  a  number  of  sections  or  patches.  The 
figure  on  the  previous  page  represents  one  such  patch.  Our  objective  here 
is  to  describe  how  the  data  for  one  patch  is  loaded  into  the  program. 

The  user  orientates  the  model  of  the  vehicle  so  that  the  number  1  boundary 
is  to  the  left  and  the  number  2  boundary  to  the  right.  Coordinates  of  points 
along  the  number  1  boundary  are  loaded  first.  The  order  of  these  points 
(from  the  user's  view  of  the  model)  is  from  the  bottom  to  the  top  of  the 
patch.  Note  that  a  point  must  be  included  outside  the  patch  at  either  end  of 
the  boundary  to  give  proper  slopes  at  the  corner  points.  The  next  input 
points  are  for  boundary  number  2  and  again  from  bottom  to  top.  Boundary 
number  3  is  loaded  from  left  to  right  as  is  boundary  number  4.  A  different 
number  of  points  may  be  used  to  describe  each  boundary  up  to  a  maximum 
of  20  for  each  one. 

Each  of  the  input  points  has  a  status  flag  associated  with  it  similar  to  that 
used  in  the  surface-element  input  method.  The  first  point  (the  bottom  point 
outside  the  patch  on  boundary  number  1)  has  a  status  of  2.  The  first  point 
or  each  of  the  other  boundaries  has  a  status  of  1.  All  the  other  points  have 
a  status  of  0  except  the  last  point  (the  point  on  the  right  side  outside  the 
patch  on  boundary  4)  which  has  a  status  of  3. 

The  input  sheet  contains  two  points  per  card.  Every  card  must  contain  two 
points  except  the  last  which  may  have  one  point  (loaded  on  the  left  side  of 
the  card). 

The  detailed  input  information  required  for  this  geometry-method  option  is 
presented  below. 

Parametric  Cubic  Title  Card  —  This  card  contains  patch  control  data  and 

divisions  to  be  used  in  converting  the  patch 
to  element  data,  (see  sheet  5,  page  C-7) 

Card 

Type  Column  Code  Explanacion 

6  1-48  TITLE  Section  or  patch  title.  Any  acceptable 

machine  characters. 

50-52  NOU  Number  of  division  of  the  parametric 

variable  u.  This  controls  the  number  of  ele¬ 
ments  in  the  element  mesh  in  the  u-direction 
(right-justified  integer). 

54-56  NOW  Number  of  divisions  of  the  parametric 

variable  w.  This  controls  the  number  of 
elements  in  the  element  mesh  in  the  w- 
direction  (right-justified  integer).  If  this 
number  is  an  even  number  then  the  program 
will  change  it  to  the  next  higher  odd  number 
so  that  there  will  always  be  an  odd  number 
of  elements  in  a  column.  This  will  give  an 
even  number  of  points  in  a  column  to  fill  out 
both  the  left  and  right  sides  of  the  element 
data  card. 


OH 


ard 

yp« 
6 


Column  Code 
60  LAST 


61  ISOVR 


62  IPRINT 


72  TYPE 


Explanation 

Last  Flag.  This  flag  controls  the  Status  flag 
(STATT)  of  the  last  element  point  generated 
and  the  position  of  the  geometry  data  storage 
tape  (Tape  8)  after  all  data  has  been  written 
on  it. 

=  1  This  is  the  last  patch.  Set  the  last- 
point  status  flag  STATT  =  0,  write 
end  of  file  on  the  geometry  storage 
tape,  and  return  to  the  surface-data 
routine . 

=  2  This  is  not  the  last  patch.  Set  the  last- 
point  status  flag  STATT  =  0.  and  read 
in  a  new  set  of  patch  data  (including  a 
new  title  card). 

=  3  This  is  the  last  patch.  Set  the  last- 
point  status  to  STATT  =  3,  write  an 
end  of  file  on  tape  8,  and  backspace 
tape  8  by  the  number  of  cards  written. 
The  tape  will  be  in  the  proper  position 
for  use  by  the  surface-data  subroutine. 

=  4  This  is  the  last  patch.  Set  the  last-point 
status  to  STATT  =  3,  write  an  end  of 
file  on  tape  8.  but  do  not  backspace 
tape  8  before  returning  to  the  surface 
data  subroutine . 

First-point  status  override  flag. 

*  0  The  status  flag  for  the  first  coordinate 
point  of  the  patch  will  be  =  2  (normal 
mode) . 

a  1  The  status  flag  for  the  first  coordinate 
point  of  the  patch  will  be  set  =  1 .  This 
will  permit  "joining  together"  several 
parametric  cubic  patches  to  form  a 
single  section  of  surface-element  data. 

Print  flag.  This  flag  controls  the  printing  of 
the  element  data  generated  in  this  option. 

This  data  printout  will  contain  the  exact  in¬ 
formation  written  on  the  geometry  storage 
tape  (in  BCD  card  image  form). 

=  0  Do  not  print  data 

=  1  Print 

Card  Type  number  =  6  (integer) 
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Parametric  Cubic  Boundary  Data  —  This  card  contains  the  coordinates 

of  the  boundary  curves  for  a 
parametric  cubic  patch.  (See  sheet  5, 
page  C-7) 


Card 

Type  Column  Code 
7  1-10  X 

11-20  Y 
21-30  Z 
31  STAT 


32-41  XX 
42-51  YY 
52-61  ZZ 
62  STATT 


66-68  CASE 
69-70  SECT 

72  TYPE 
77-80  SEQ 


Explanation 

X- coordinate  of  boundary  curve  point 

Y-coordinate  of  boundary  curve  point 

Z- coordinate  of  boundary  curve  point 

Status  flag  for  the  above  set  of  coordinates 
(=2,  1,  0.  or  3).  This  flag  controls  the 
reading  in  of  the  boundary  curve  data 
and  is  not  the  same  as  the  STATUS  flag 
that  will  be  generated  and  written  on  the 
geometry  storage  tape  along  with  the 
generated  surface  element  data. 

X-codrdinate  of  boundary  curve  point 

Y -coordinate  of  boundary  curve  point 

Z- coordinate  of  boundary  curve  point 

Status  flag  for  the  above  set  of  coordinates 
(=2,  1,  0,  or  3).  This  flag  controls  the 
reading  in  of  the  boundary  curve  data 
and  is  not  the  same  as  the  STATUS  flag 
that  will  be  generated  and  written  on  the 
geometry  storage  tape  along  with  the 
generated  surface  element  data. 

Case  number  (right -justified  integer) 

Numbers  or  letters  to  identify  the  vehicle 
section.  These  must  be  legal  machine 
characters. 

Card  type  number  =  7 

Card  sequence  number  (right  justified 
integer). 


Special  Geometry  Problems 

There  are  several  application  areas  where  the  geometry  data  must  be 
prepared  in  a  prescribed  manner  before  successful  solutions  can  be  obtained. 
These  areas  are  discussed  briefly  below. 

Shock -Expan s ion  Geometry  Preparation.  The  use  of  the  shock-expansion 
pres  sure -calculation  method  places  certain  requirements  on  the  input 
geometry  data.  This  is  basically  caused  by  the  fact  that  the  program  does 
not  calculate  stream-lines  on  the  surface  but  merely  applies  the  shock-expan¬ 
sion  process  on  each  strip  of  elements,  element  by  element.  This  means 
that  the  elements  themselves  become  the  streamline  directions  as  tar  as  the 
program  is  concerned.  This  means  that  the  user  must  decide  as  he  is 
loading  the  geometry  just  where  the  streamlines  are  to  go.  This  is  quite 
simple  and  acceptable  where  two-dimensional  surfaces  are  involved,  or  for 
axisymmetric  bodies  at  small  angles  of  attack.  It  is  for  these  reasons  that 
the  shock-expansion  pressure  method  should  only  be  applied  to  these  simple 
types  of  shapes  and  should  not  be  used  on  some  complex,  completely  arbitrary 
three-dimensional  shape. 

When  using  the  shock -expans  ion  pressure  method  each  section  of  the  vehicle 
should  be  handled  as  a  separate  individual  section.  The  explanation  for 
this  requires  a  review  of  the  procedure  used  in  the  shock-expansion  calcula¬ 
tion.  First,  we  know  that  a  section  of  the  vehicle  can  be  orientated  in  two 
basic  modes  -  in  a  normal  cross-section  mode  with  the  first  input  column 
of  elements  stretching  around  the  vehicle  from  the  bottom  to  the  top,  or  in 
a  strip  fashion  with  the  first  input  column  of  elements  starting  at  the  front 
and  running  aft  along  the  shape.  On  the  Element  Data  Control  Card  these 
are  identified  by  the  orientation  flag  as  IORIEN  =  0  or  =  1  respectively. 

Next,  when  the  program  starts  to  make  the  shock -expans ion  calculations 
it  must  decide  which  set  of  input  elements  represent  the  starting  point  for 
the  shock-expansion  process  (these  elements  are  termed  the  section  "leading 
elements").  If  the  flag  IORIEN  =  0,  then  the  section  is  in  the  normal  cross- 
section  orientation  so  the  first  input  column  of  elements  becomes  the  starting 
elements  for  the  shock-expansion  calculations  and  the  "rows"  of  elements  are 
assumed  to  define  the  streamline  direction.  If  the  flag  IORIEN  £  1,  then  the 
strip  input  method  is  used  and  the  first  element  of  each  strip  (the  first  row 
of  elements)  becomes  the  leading  element. 

It  is  important  to  note  that  the  program  will  always  start  the  shock -expansion 
calculations  with  the  "leading  elements"  of  a  section,  even  though  these 
elements  may  not  be  a  physical  surface  leading  edge  (such  as  a  wing  leading 
edge).  This  is  the  usual  occurrence  in  many  applications.  This  shortcoming 
may  be  easily  solved  by  a  simple  geometry  loading  technique.  The  basic 
trick  is  to  make  the  leading  elements  of  a  section  (that  are  to  bo  used  in  a 
shock  expansion)  have  the  same  angle  relative  to  the  flow  as  the  physical 
leading  edge  does. 

A  simple  example  of  this  is  the  flat  lower  surface  of  a  re-entry  vehicle 
where  the  flow  expands  from  the  forward  ramp  to  the  aft  flat  surface.  For 
this  case  let  us  assume  that  on  the  forward  ramp  we  are  using  oblique- 
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shock  pressures  (tangent  wedge),  but  that  we  wish  to  use  shock- expansion 
for  the  turn  at  the  corner  between  the  forward  ramp  and  aft  flat  surface.  In 
this  case  we  would  take  a  very  narrow  column  of  elements  in  the  forward 
ramp  just  ahead  of  the  corner  and  make  this  column  the  leading  elements  for 
the  aft  flat. 

A  similar  useful  trick  is  to  make  the  leading  elements  have  whatever  shape 
is  required  to  give  the  proper  starting  conditions  for  the  shock-expansion, 
but  make  the  elements  so  small  that  they  themselves  do  not  contribute  a 
significant  amount  to  the  overall  vehicle  forces. 

Control-Surface  Geometry  Preparation.  Because  of  the  complex  nature  of 
the  control-surface  flow-separation  problem  it  is  necessary  to  impose 
certain  rules  on  the  geometry  data  to  be  used.  First,  every  control-surface 
vehicle  component  must  consist  of  two  geometry  sections.  The  first  section 
loaded  must  be  for  that  part  of  the  vehicle  in  front  of  the  control  flap  where 
flow-separation  effects  will  be  felt  (the  flap  "fore-surface").  The  elements 
must  be  input  in  a  strip -wise  manner  with  IORIEN  2  1  on  the  Element  Data 
Control  Card.  The  next  section  loaded  must  be  the  flap  itself,  also  with 
strip-wise  orientation,  and  with  the  same  number  of  stream-wise  strips 
as  used  for  the  fore -surface .  The  total  number  of  elements  in  a  streamwise 
strip,  including  both  the  fore-surface  and  the  flap,  cannot  be  greater  than 
125. 

The  computation  of  flow  separation  effects  requires  knowledge  of  the 
boundary  layer  running  length  to  each  element.  Since  the  leading  elements 
on  the  fore-surface  may  not  correspond  to  the  physical  surface  leading  edge 
it  is  necessary  to  provide  some  additional  information  to  permit  the  calcu¬ 
lation  of  the  required  running  lengths.  These  data  are  provided  by  the 
parameters  LE.FCT  and  XLEO  on  the  Type  2  Element  Data  Control  Card. 

The  determination  of  these  two  input  quantities  is  illustrated  in  the  figure 
below.  When  control  surface  data  are  to  be  analyzed  the  geometry  data  must 
be  in  feet,  or  scale  factors  must  be  used  to  convert  the  dimensions  to  feet. 
The  numbers  on  the  diagram  below  indicate  the  numerical  order  of  the 
input  points.  Points  1  and  21  have  a  STATUS  of  2.  Points  6,  11,  16,  25, 

29,  and  33  have  a  STATUS  of  1.  Point  36  has  a  STATUS  of  3.  All  other 
points  have  a  STATUS  of  0. 
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PICTURE  DRAWING  PROGRAM 

This  phase  option  is  used  in  checking  the  input  geometry  data  for  errors. 

It  is  also  used  to  visualize  the  geometric  shape  as  it  is  to  be  used  by  the 
force-calculation  option. 

The  Picture  Drawing  Program  accepts  the  geometry  in  element  data  form 
and,  with  the  use  of  certain  picture-generation  data,  produces  an  output 
tape  for  processing  on  the  SC -4020  recorder.  The  element  data  is  read 
either  from  the  normal  input  Tape  5  or  from  the  geometry  storage  Tape  8. 
The  output  tape  from  this  program,  when  processed  on  the  SC-4020  auto¬ 
matic  recorder,  will  produce  pictures  of  the  vehicle  at  the  selected  viewing 
angles.  Any  errors  in  the  data  will  be  immediately  evident  upon  viewing 
these  pictures.  This  is  illustrated  in  Figure  2.  These  errors 
can  then  be  corrected  before  the  data  is  submitted  to  the  program  for  the 
aerodynamic  calculations. 

The  picture  drawing  program  can  also  be  used  to  obtain  a  detailed  printout 
of  the  properties  of  each  quadrilateral  element  of  the  vehicle.  The  normal 
output  of  this  program  also  includes  the  accumulated  surface  area  and  the 
number  of  elements  for  each  section  of  the  vehicle. 

This  program  may  be  operated  alone  with  the  element  data  as  part  of  the 
input,  or  it  may  be  run  after  the  AERO  program  or  the  Slab  Delta  Program 
and  obtain  the  element  data  from  the  geometry  storage  tape  (Tape  8). 

To  create  the  vehicle  pictures  each  surface  point  must  be  rotated  to  the 
desired  viewing  angle  and  transformed  into  a  coordinate  system  in  the  plane 
of  the  paper.  With  zero  rotation  angles  the  body  coordinate  system  is 
coincident  with  the  fixed  system  in  the  plane  of  the  paper.  This  coordinate 
system  is  illustrated  below. 


z. 


The  rotations  of  the  body  and  its  coordinate  system  to  give  a  desired  view¬ 
ing  angle  are  specified  by  a  yaw -pitch-roll  sequence  (tfr,  9,  «£).  A  small 
toy  airplane  model  is  useful  in  visualizing  the  yaw,  pitch,  and  roil  angles 
required  to  give  a  desired  view  of  a  vehicle. 
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Figure  17.  Selection  of  Viewing  Angles  for  Pictures 
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Selection  of  Viewing  Angles  for  Pictures 


The  most  frequently  used  views  are:  front  view  (  =0,  =0,  =0),  top-front  view 
(  -35,  25,  -20),  bottom-front  view  (  -35,  -25,  10),  and  top-rear  view 
(-135,  -40,  -15)  (see  Figures  17  and  18  ). 

The  input  data  to  this  program  consists  of  the  geometry-element  data  and  the 
necessary  plotting  instructions.  The  geometry  data  may  also  be  read 
directly  from  the  geometry  storage  tape  generated  by  the  AERO  Program  or 
by  the  Slab  Delta  Program.  The  detailed  input  instructions  are  presented 
below. 

Element  Data  Title  Card  -  See  sheet  11,  page  C-13,  and  the  input 

data  chart  on  page  C-21. 


Card 


Type 

Column 

Code 

Explanation 

31 

1-59 

TITLE 

Vehicle  identification  or  title  for  this  run. 
Use  any  acceptable  machine  characters. 

66-68 

CASE 

Case  number.  Not  used  by  the  program 
(right-justified  integer). 

71-72 

TYPE 

Type  number  =  31 

77-80 

SEQ 

Sequence  number  for  use  in  keeping  cards  in 
•  proper  order.  This  number  is  not  read  by 
the  program  (right-justified  integer). 

Element  Data  Control  Card 

-  This  card  controls  the  reading  of  the 
geometry  data. 

Card 

Type 

Column 

Code 

Explanation 

32 

1 

PRINTS 

Print  flag  to  control  the  printing  of  detailed 

characteristics  of  each  quadrilateral  element 
(integer). 


=  0  Do  not  print  element  characteristics 

=  1  Print  element  characteristics 

3  SYMFCT  Symmetry  flag  (same  as  for  AERO  Program, 

see  page  5  7).  All  the  components  of  a  single 
vehicle  must  have  the  same  Symmetry  flag 
to  give  a  complete  picture  of  the  shape. 

=  0  For  a  vehicle  symmetrical  about  the 
X-Z  plane. 

4  IORIEN  Element  orientation.  See  CC  4  of  Type  2  card 

for  a  complete  description.  Values  of  IORIEN 
of  0  or  1  have  no  effect  on  the  Picture  Program. 
Values  of  2  or  3  will  give  correct  pictures 
when  the  data-point-slip  methods  are  used 
to  input  the  geometry  data.  Vehicle  components 
with  different  values  for  IORIEN  cannot  be 
drawn  correctly  on  a  single  picture  frame. 
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Card 

Type  Column  Code 
32  5  IF  ACT 


7-12  XSC 
13-18  YSC 
19-24  ZSC 
26-31  DELX 
32-37  DELY 
38-43  DELZ 
60-61  ISTAT3 


62  ITAPE 


Explanation 

Scale -factor  flag  (integer).  This  flag  tells  the 
program  when  it  is  to  use  the  scale -factor  data 
given  by  the  input  parameters  in  CC  7  through 
43.  These  factors  are  frequently  used  to  move 
the  vehicle  so  that  its  center  corresponds 
approximately  to  the  coordinate -system  origin. 
For  a  vehicle  with  its  nose  at  X=  0.  0  this  is 
accomplished  by  using  a  DELX  value  of  about 
one -half  of  the  vehicle  length.  This  simplifies 
the  selection  of  picture  scales  to  keep  the 
vehicle  within  the  picture  frame. 


0  Use  input  geometry  coordinates  (no  scale 
factors  will  be  used). 


=  1  Use  scale  factors  to  scale  and  shift  the 
geometry  data  in  the  basic  coordinate 
system  (the  original  geometry  data  on 
tape  5  or  tape  8  are  not  changed  since 
the  scale  factors  are  applied  in  the 
quadrilateral  calculation  process).  The 
data  are  changed  using  the  following  type 
of  equation  for  X,  Y,  and  Z. 

Xn«w  ■  Xinput  '  <XSC>  +  DELX 
Scale  factor  to  be  multiplied  by  Xj 

Scale  factor  to  be  multiplied  by  Y^npufc. 


Scale  factor  to  be 

AX,  increment  to 

AY,  increment  to 

AZ,  increment  to 


multiplied  by  ZjnpUfc. 

be  added  to  X.  *(XSC) 

input 

be  added  to  Y.  .  (YSC) 
input 

be  added  to  Z.  -(ZSC) 

input 


Number  of  Status  =  3  in  the  vehicle  geometry 
deck.  The  program  will  count  the  number  of 
Status  =  3  in  the  geometry  deck  and  when  the 
count  reaches  this  input  value,  the  program 
will  assume  that  the  last  section  of  the 
vehicle  has  been  read  (right-justified  integer). 

Geometry  tape  control  flag. 

=  0  Geometry  data  (Type  3)  will  be  read  from 
Tape  5  (geometry  data  cards  are  loaded 
along  with  picture-data  control  cards). 

=  1  Geometry  data  (Type  3)  will  be  read 

from  the  geometry  storage  tape  (Tape  8). 
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Card 

Type  Column  Code 
32  63  IREW8 


66-68  CASE 
71-72  TYPE 
77-80  SEQ 


Explanation 

Flag  to  control  the  position  of  Tape  8  just 
before  the  geometry  data  are  read  from  it. 

=  0  Rewind  Tape  8  and  then  read  geometry 

data  from  it. 

=  1  Do  not  rewind  Tape  8,  but  start  reading 

geometry  data  from  it  in  its  current 
position. 

Case  number  (right-justified  integer). 

Card  Type  number  =  32  (integer). 

Sequence  number  used  to  keep  the  cards  in 
proper  order  (not  used  by  the  program) 
(right-justified  integer). 
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Note:  This  card  type  number  is  not  used  by  the  program. 


Picture  Control  Data  Cards 


Card 

Type  Column  Code 
34  1-6  PSI 

8-13  THETA 
15-20  PHI 
22  ICS 


-  These  cards  control  the  picture  cngles  and 
scales.  Each  data  card  is  identified  by  a 
type  number  in  71-72.  A  typical  deck 
setup  will  consist  of  the  above  cards  (types 
31,  32)  and  as  many  picture  control 
cards  (Types  34,  35,  36,  37)  as  required. 
Each  picture  requires  a  set  of  picture 
data  control  cards. 


Explanation 

Yaw  angle,  i/r ,  deg. 

Pitch  angle,  Q  ,  deg. 

Roll  angle,  i>,  deg. 

Point  connect  flag 

=  0  Connect  all  4  points  of  each  element 

=  1  Connect  points  1-2  and  3-4  (see  diagram 

below) 

=  2  Connect  points  1-4  and  2-3 
=  3  Do  not  connect  points  with  lines 


24  IREFL 


26  ISHAD 


28  I  AREA 


Reflection-elements  flag 

=  0  Do  not  plot  elements  reflected  to 
negative  side  of  Y-axis. 

=  1  Plot  reflected  elements 

=  2  Plot  reflected  elements  (only  one 

quadrant  is  input). 

Shadow  element  flag 

=  0  Do  not  plot  elements  that  face  away 
from  the  viewer  (shadow  elements). 

=  1  Plot  shadow  elements  (see  page  36). 

Area  print  out  flag 

=  0  Do  not  print  section  areas  on  the 
SC -4020  pictures. 

=  1  Print  out  the  area  of  each  section  on 

the  SC -4020  pictures.  Use  only  when 
CC  32  =  2. 
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Explanation 

Quadrilateral  plot  flag 

=  0  Draw  input  elements. 

=  1  Draw  picture  using  quadrilateral' 

element  corner  points. 

Frame-advance  control  flag 

=  0  Advance  frame  at  end  of  plot  of  all 

vehicle  elements. 

=  1  Advance  frame  at  the  end  of  each 

column  of  elements  (only  one  Type  37 
card  required). 

=  2  Advance  frame  between  each  section 

of  the  vehicle  (note  that  for  this  option 
one  Type  37  card  must  be  present  for 
each  picture  frame  to  be  produced). 

34-35  NCAM  Camera  selection  flag  (right-justified  integer). 

=  0  Use;  both  cameras. 

-  9  Use  9-inch  hard-copy  camera  only.- 

=  35  Use  35  mm  camera. 

37-38  MARKPT  Plotting-symbol  code  (right-justified  integer). 

A  few  of  the  most  frequently  used  symbols  are 
listed  below.  (For  a  complete  list  see 
page  116). 

(blank)  =  48  (use  for.  most  pictures) 

O  =38 
=  42 

+  =16 
*  =44 

o  =63 

41-43  NG  Emphasize  every  Nth  vertical  line  (-0  when 

no  grid  is  used)(right-justified  integer). 

=  -  for  square  grid 

=  +  for  rectangular  grid 

=  0  if  no  lines  are  to  be  emphasized 


Card 

Type  Column  Code 
34  30  IQUAD 


32  IFRAME 


(  ; 
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Card 

Type  Column  Code 
34  44-46  MG 

48-50  IG 
51-53  JG 
55-56  NXG 

57-58  NYG 


60  LAST 


66-68  CASE 
71-72  TYPE 
77-80  SEQ 


Grid  Data  Card 
Card 

Type  Column  Code 
35  1-10  XLG 

11-20  XRG 
21-30  YBG 
31-40  YTG 
41-50  DXG 
51-59  DYG 


Explanation 

Emphasize  every  Mth  horizontal  line  (=  -  0 
when  no  grid  is  used)  (Right-justified 
integer)  (see  CC  41-43  for  sign  convention). 

Label  every  Ith  vertical  grid  line  (=0  fc-  no 
grid)  (right -justified  integer). 

Label  every  Jth  horizontal  grid  line  (=0  for 
no  grid). 

Number  of  characters  in  the  number  labels 
for  the  X-scale  (include  decimal  point) 

(=0  for  no  grid)  (right-justified  integer). 

Number  of  characters  in  the  number  labels 
for  the  Y -scale  (include  decimal  point). 

Up  to  6  significant  figures  plus  decimal 
point  are  permissible  on  the  character 
labels  (right-justified  integer)  (=0  for  no 
grid). 

Last  plot  of  case  control  flag 

=  0  This  is  not  the  last  plot  for  this  set 

of  geometry  data.  A  new  Type  34  card 
is  expected  after  the  Type  37  card 
for  this  picture. 

=  1  This  is  the  last  plot  for  this  set  of 

geometry  data.  After  the  Type  37 
card  for  this  picture  the  program  will 
expect  to  find  a  Type  31  Element  Data 
Title  card  or  the  end  of  phase  Type  99 
card. 

Case  number  (not  used  by  program). 

Type  number  =  34 

Sequence  number  used  for  keeping  cards  in 
order  only  (right-justified  integer). 


Explanation 

Value  of  left  side  of  horizontal  scale. 

Value  of  right  side  of  horizontal  scale. 
Value  of  bottom  of  vertical  scale. 

Value  of  top  of  vertical  scale. 

Increment  for  vertical  grid-line  spacing. 
Increment  for  horizontal  grid-line  spacing. 
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Card 


Type 

Column 

Code 

Explanation 

35 

60 

NOSCAL 

No  Grid  Flag 

=  0  Include  grid  lines  and  scales  (Type  36 
card  is  required). 

=  1  Do  not  draw  any  grid  lines  or  labels 

(Type  36  card  not  required). 

66-68 

CASE 

Case  number  (not  used  by  the  program). 

71-72 

TYPE 

Type  number  =  35. 

77-80 

SEQ 

Card  sequence  number. 

Scale  Label  Card 

This  card  is  not  required  if  CC  60  of  the 
Type  35  card  is  =  1. 

Card 

Type 

Column 

Code 

Explanation 

36 

1-30 

VTITLE 

Vertical-scale  label 

31-50 

HTTITLE 

Horizontal- scale  label 

71-72 

TYPE 

Type  number  =  36 

77-80 

SEQ 

Card  Sequence  number 

Plot  Title  Card 

Card 

Type 

Column 

Code 

Explanation 

37 

1-59 

HLABEL 

Title  to  be  placed  at  the  top  of  the  picture 
(usually  contains  the  vehicle  name  and  the 
picture  angles), 

66-68 

CASE 

Case  number  (not  used  by  program). 

71-72 

TYPE 

Type  number  =  37. 

77-80 

SEQ 

Card  sequence  number 

Note:  if  IFRAME  =  0  or  =  1,  then  only  one 
card  is  used. 

if  IFRAME  =  2,  one  Type  37  card 
must  be  present  for  each  section 
of  the  vehicle. 

The  last  card  in  the  picture  drawing  must  be  a  Type  99  phase  termination 
card. 


) 
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OUTPUT  DATA  PLOTTER  PROGRAM 


The  Output  Data  Plotter  Program  is  used  to  prepare  plots  of  the  aerodynamic 
coefficients  calculated  by  the  AERO  program.  Each  time  the  AERO  program 
prints  out  the  aerodynamic  force  data  it  checks  the  flag,  IPS,  to  see  if  the 
data  are  to  be  saved  on  the  aerodynamic-characteristics  plotting  tape.  If 
IPS  =  1,  then  the  aerodynamic  data  are  written  on  to  Tape  9.  Also,  the  number 
of  sets  of  data  written  is  recorded  on  Tape  10.  If  data  are  calculated  for 
15  angles  of  attack  and  saved  on  Tape  9,  then  the  number  15  will  be  written 
on  Tape  10. 

A  large  number  of  aerodynamic  coefficients  are  calculated  by  the  AERO 
program.  Because  of  this,  only  the  twelve  most  important  ones  are  saved 
on  the  aerodynamic-characteristics  plotting  tape.  These  are  i,  CD>  C^, 

C.,  Cv,  C..,  /3,  L/D,  C  ,  Cj,  C  ,  Ce.  If  the  user  wishes  to  plot  some 
A  i  N  m  l  n  t 

other  parameter  then  he  could  modify  this  list  by  changing  the  data  WRITE 
statement  for  Tape  9  in  subroutine  AERO. 

A  flow  chart  describing  the  use  of  this  program  option  is  given  on  page  C-23. 
The  detail  input  instructions  are  also  presented.  Plotter  Program  Control 
Data  is  input  using  input  sheet  12.  Two  examples  of  plotted  data  are  shown 
in  Figures  3  and  4  (pages  12  and  13). 

Plotter  Program  Input  Data 

Data  Source  Control 

Card 

Type  Column  Code 
41  1-4  NC 


71-72  TYPE 
77-80  SEQ 


Explanation 

Control  flag  indicating  the  source  of  the  data 
to  be  plotted  (right-justified  integer). 

=  0  Read  from  Tape  10  the  number  of 

angle -of-attack  sets  of  data  to  be  read 
from  Tape  9.  This  is  the  normal 
input  when  plotting  aerodynamic  data. 

=  NC  The  number  of  angle -of-attack  sets 
of  data  to  be  read  from  the  standard 
input  Tape  5, 

=  -1  No  data  will  be  plotted.  Only  the  plot 
grid  will  be  drawn. 

Card  Type  number  =  41 

Card  sequence  number  (not  used  by  the 
program) . 
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Vertical-Title  Card 
Card 

Type  Column  Code  Explanation 

44  1-70  TITLE  Vertical-scale  identification.  Any  acceptable 

machine  characters. 

71-72  TYPE  Card  Type  number  =  44 

77-80  SEQ  Card  sequence  numbers 

Horizontal-Title  Card 
Card 


Type 

Column 

Code 

Explanation 

45 

1-70 

TITLE 

Horizontal- scale  identification.  Any  acceptable 
machine  characters. 

71-72 

TYPE 

Card  Type  number  =  45 

77-80 

SEQ 

Card  sequence  numbers 

Plotting  Grid  Data  Card 

Card 

Type 

Column 

Code 

Explanation 

46 

1-10 

W1 

X.  ,  —  value  of  left  side  of  horizontal 

scale  (real  number). 

11-20 

W2 

X  .  ,  —  value  of  right  side  of  horizontal 

®  scale  (real  number). 

21-30 

W3 

Y.  ..  —  value  of  bottom  of  vertical  scale 

bottom  (real  number). 

31-40 

W4 

Y  —  value  of  top  of  vertical  scale 

(real  number). 

41-50 

W5 

AX  —  increments  of  X  for  vertical 

grid  lines  (real  number). 

51-60 

W6 

AY  —  increments  of  Y  for  horizontal 

grid  lines  (real  number). 

71-72 

TYPE 

Card  Type  number  =  46 

77-80 

SEQ 

Card  sequence  number 

Plot  Control  Array  Card 


(All  inputa  are  right-justified  integers.) 


Card 

Type  Column  Code 
47  1-2  Ij 


3-4 


I 


2 


6 


I 


3 


8-10  I. 

4 


11-13  I5 


Explanation 

Identification  of  data  array  to  be  plotted  on 
the  horizontal  scale  (X-scale).  For  the 
Mark  III  Mod  0  program  the  following  data 


are  available. 

Array 

Array 

Item 

Parameter 

Item 

Parameter 

1 

a 

7 

ft 

2 

CD 

8 

L/D 

3 

9 

Cm 

4 

CA 

10 

C| 

5 

CY 

11 

C 

n 

6 

CN 

12 

cr 

Identification  of  data  array  to  be  plotted  on  the 
vertical  scale  (Y-scale).  See  above  list  for 
array  numbers. 

Film  advance  flag 

=  1  Advance  film  and  put  frame  count  in 

upper  right  corner. 

=  2  Do  not  advance  film 

=  3  Advance  film,  but  do  not  display  frame 

count. 

Control  to  emphasize  vertical  grid  lines. 

=  0  Lines  will  not  be  emphasized. 

=  ■tN  Emphasize  every  Nth  vertical  line. 

If  =  -  Nfuse  square  grid 
=  +  N,use  rectangular  grid 
Control  to  emphasize  horizontal  grid  lines. 

=  0  Lines  will  not  be  emphasized. 

=  :M  Emphasize  every  Mth  horizontal  line. 

If  =  -  M,use  square  grid 
=  +  M,use  rectangular  grid 


Type  Column  Code  Explanation 


15-17 

*6 

Control  to  label  vertical  grid  lines. 

f 

=  ±1  Label  every  1th  vertical  grid  line. 

If  =  +, numerical  labels  at  0.0  axis. 

=  -, numerical  labels  outside  of  grid. 

18-20 

h 

Control  to  label  horizontal  grid  lines. 

=  ±J  Label  every  Jth  horizontal  grid  line. 

If  =  +, numerical  labels  at  0.0  axis. 

=  -, numerical  labels  outside  of  grid. 

22-25 

h 

0 

Number  of  points  to  be  plotted.  If  this  is 
input  as  0,  then  the  program  will  set  it  equal 
to  the  number  of  data  points  to  be  plotted  as 
determined  from  Tape  10  or  from  the  Data 
Source  parameter  on  the  Type  41  card.  For 
normal  plotting  of  data  from  AERO,  set  Ig  =  0. 

27-29 

H 

A  subscript  for  selecting  X-array  data  to  be 
plotted. 

=  1  Plot  all  data  points 

=  2  Plot  every  other  point 

30-32 

'lO 

A  subscript  for  selecting  Y-array  data  to  be 
plotted. 

=  1  Plot  all  data  points 

=  2  Plot  every  other  point 

34-36 

'll 

Number  of  plotting  characters  to  be  used. 

=  1  For  Mark  II  Mod  0  program 

38-39 

1 1 2 

Plotting  symbol  code  (see  page  116) 

41 

1 1 3 

Point  connect  flag 

=  0  Do  not  connect  plotted  points. 

=  1  Connect  plotted  points  with  a  straight 

line . 

43-44 

l14 

0 

Camera  select  flag 

=  9  Nine  inch  hard-copy  paper 


=  35  35mm  film 


vwm 

Card 

i 4 

Type 

Column 

•V* 

47 

46 

15 


48-49  I 


16 


50-51 


53-54  I18 


56 


Explanation 

Control  flag  for  next  operation 

=  0  Stop  and  exit  from  PLOT  after  plotting 
these  Y-va-X  data. 

=  1  Return  to  read  card  Types  44  through 

47  for  new  plot. 

=  2  Return  to  read  a  new  Type  41  card. 

=  3  Return  to  read  Tape  10  for  setting  up 
next  data  arraya.  Next  card  after 
Type  48  card(a)  will  be  a  Type  44 
card. 

=  4  After  this  plot  is  complete,  read  new 
arrays  from  Tape  1.  (A  Type  44  card 
ia  required  after  the  Type  48  card. ) 

Note:  If  l£Q  *0,  then  Ijg  is  set  =  i 

for  the  nth  block  of  repeated 
plotting. 

Maximum  number  of  characters  in  number 
labels  for  X-acale  (including  decimal  point). 
Up  to  6  significant  figures  +  decimal  point. 

=  +  F  format  (i.e. ,  5,2) 

=  -  E  format  (i.e. ,  7.6  x  10+^) 

Maximum  number  of  characters  \r>  number 
labels  for  Y -scale  (including  decimal  point). 
Up  to  6  significant  figures  +  decimal  point. 

=  +  F  format  (i.e. ,  5.2) 

=  -  E  format  (i.e..  7.6  x  10+^) 

Number  of  horizontal-label  cards  (Type  48) 
to  be  read.  (0-*64).  The  first  card  would 
be  printed  at  the  top  of  the  plot  and  the  64th 
at  the  bottom. 

Flag  to  control  writing  of  data  arrays  onto 
Tape  1  for  subsequent  plotting. 

=  0  Do  not  save  data  arrays. 

=  1  Write  data  arrays  on  Tape  1. 
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Card 

Type  Column  Code 
47  58-59  I2Q 


61 


71-72  TYPE 
77-80  SEQ 


Explanation 

Title  and  scale  card*  bypass  flag. 

=  0  Next  plot  requires  Type  44,  45,  and 

46  cards 

=  N  N  -blocks  of  data  will  be  plotted  using 
only  the  first  set  of  Type  44,  45,!  /  j, 
and  47  cards. 

Control  flag  for  next  operation  when  I2Q  *0. 

This  flag  serves  the  same  function  for  the 
Nth  block  of  data  Ilg  does  when  I2Q  =  °. 

Card  Type  number  =  47 
Card  sequence  number 


Horizontal-Label  Cards 


-  (The  number 
I18*) 


of  these  cards  is  specified  by 


Card 

Type  Column  Code 
48  1-70  TITLE 


71  -72  TYPE 


Explanation 

Horizontal  title  for  plot.  Any  acceptable 
machine  characters.  Up  to  64  cards  may  be 
used.  With  a  number  of  cards,  some  of 
them  being  blank  in  columns  1-70,  plotted 
lines  or  points  may  be  identified  by  labels. 

Card  Type  =  48 


77-80  SEQ 


Card  sequence  number. 


PLOTTING 

PLOTTING 

PLOTTING 

CODE 

SYMBOL 

CODE 

SYMBOL 

CODE 

SYMBOL 

0 

0 

22 

F 

43 

$ 

1 

1 

23 

G 

44 

* 

2 

2 

24 

H 

45 

y 

3 

3 

25 

I 

46 

- 

4 

4 

26 

n 

47 

5 

'5 

27 

.  (Period) 

48 

(Blank) 

6 

6 

28 

) 

49 

/ 

7 

7 

29 

/9 

50 

S 

8 

8 

30 

4 

51 

T 

9 

9 

31 

? 

52 

U 

10 

8 

32 

- 

53 

V 

11 

s 

33 

J 

54 

W 

12 

II 

34 

K 

55 

X 

13 

'  (Prime) 

35 

L 

56 

Y 

.14 

• 

36 

M 

57 

Z 

15 

o 

37 

N 

58 

o  (degree) 

16 

+ 

38 

0  (Letter) 

59 

» 

17 

A 

39 

P 

60 

( 

18 

B 

40 

Q 

61 

/ 

19 

C 

41 

R 

62 

I 

20 

D 

42 

(Dot 

63 

□ 

21 

E 
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SLAB  DELTA  PROGRAM 


The  Slab  Delta  Program  option  may  be  used  to  generate  all  of  the  surface- 
element  data  necessary  for  the  aerodynamic  analysis  of  this  class  of  vehicle 
shape.  This  program  option  serves  two  purposes  in  this  program.  First, 
it  can  be  used  to  make  parametric  studies  of  a  large  number  of  slab  delta 
shapes  with  a  minimum  of  time  and  effort.  Second,  it  serves  as  a  model  to 
guide  a  user  who  wishes  to  program  his  own  subroutine  to  facilitate  the 
rapid  analysis  of  some  other  family  of  simple  shapes..  The  surface-element 
data  generated  by  this  option  is  recorded  on  the  geometry  storage  tape 
(Tape  8)  for  use  by  the  AERO  Program  and  by  the  Picture  Drawing  Program. 
The  input  data  required  by  this  program  option  are  discussed  below. 


Slab  Delta  Title  Ca  rd 


(see  sheet  13,  page  C-15,  and  page  C-25. ) 


Card 

Type  Column  Code 
50  1-59  TITLE 

60  LAST 


71-72  TYPE 
77-80  SEQ  , 


Explanation 
Slab  delta  vehicle  title 
Slab  delta  option  termination  flag 

=  0  This  is  not  the  last  slab  delta  configura¬ 

tion.  A  nev  Type  50  Title  Card  will 
be  expected  after  this  slab  delta  is 
completed. 

=  1  The  last  slab  delta  has  been  completed, 

A  Type  99  Phase  Termination  Card  is 
required  after  the  last  Station  Data 
Card. 

Card  type  number  =  50 
Card  sequence  number 
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Card 

Type  Column  Code 
51  1-10  SWEEP 

11-20  RNOSE 
21-23  THETAB 


24-26  THE  TAT 

27-29  NOSPAN 

30  ITOC 


31  MODE 


36  IREW8 


42  I8BSP 


48  IPRINT 


71-72  TYPE 
77-80  SEQ 


Explanation 

Slab-delta  leading-edge  sweep  angle,  degrees 

Nose  and  leading-edge  radius  • 

Number  of  angular  division,  A6,  to  be  used  for 
the  lower  90  degrees  of  the  leading  edge. 

Should  be  an  even  number.  (Right-justified 
inte  ger . ) 

Numer  of  angular  divisions,  A6,  to  be  used  for 
the  top  90  degrees  of  the  leading  edge.  Should 
be  an  even  number  (right  justified  integer)* 

Number  of  element  divisions  to  be  generated  on 
the  flat  bottom  and  flat  top.  Should  be  an  odd 
number  (right-justified  integer). 

Thickness  correction  factor  flag 

=  0  Thickness  tables  are  not  input 

=  1  Thickness  tables  will  be  input  (see 

page  119) 

Geometry  mode  tlag 

=  1  Geometry  for  the  top  inboard  of  the 

leading  edge  is  not  generated. 

=  2  Basic  slab  delta  with  straight  sides  if 

thickness  factors  are  used. 

=  3  If  thickness  factors  are  used,  the  top 

will  be  elliptical. 

Tape  8  rewind  flag 

=  0  Rewind  Tape  8  before  generating 

geometry. 

=  1  Do  not  rewind  Tape  8. 

Tape  8  backspace  flag 

=  0  Do  not  backspace  Tape  8  after  geometry 

has  been  written  on  it. 

=  1  Before  leaving  slab  delta  routine. 

backspace  Tape  8  by  the  number  of 
geometry  cards  written  on  it. 

Print  control  flag 

=  0  Do  not  print  generated  element  card 

images . 

=  1  Print  card  images 

Card  Type  number  =  51 
Card  sequence  number 
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Station  Data  Card 


Card 


Type 

Column 

Code 

Explanation 

52 

1-10 

XB 

X-station  cut  for  generation  of  element  data 
(visually  input  as  negative). 

11-20 

DELZ 

Vertical  displacement  increment  (shear 
factor),  AZ 

21-30 

TOPTC 

Top  thickness  modification  factor.  This 
factor  is  multiplied  times  the  +  Z  coordinates 
before  the  AZ  shear  factor  is  applied. 

31-40 

BOTTC 

Bottom  thickness  modification  factor.  This 
factor  is  multiplied  times  the  -  Z  coordinates 
before  the  AZ  shear  factor  is  applied. 

42 

ITOP 

Top  geometry  control  flag. 

=  0  A  top  flat  will  be  included. 

=  1  No  top  flat  will  be  generated. 

60 

LAST  3 

Last-cross-section  flag. 

=  0  This  is  not  the  last  cross  section  for 

this  slab  delta. 


=  1  This  is  the  last  cross  section, 

the  last  point  Status  flag  -  3. 


Set 


66-68 

CASE 

Case  number  to  be  punched  in  geometry  cards 
generated  (right-justified  integer). 

71-72 

TYPE 

Card  type  number  =  54. 

77-80 

SEQ 

Card  sequence  number 

SLAB  DELTA  THICKNESS-CORRECTION  TABLES 

These  input  data  tables  may  be  used  to  modify  a  basic  slab  delta  with 
thickness  increments  that  are  both  a  function  of  X-station  and  of  Y 
(semi-span  coordinate).  Since  these  tables  are  not  used  too  often  no 
standard  input  sheet  has  been  prepared.  However,  the  input  require¬ 
ments  will  be  discussed  below.  The  complete  set  of  cards  for  the 
thickness-correction  tables  must  be  input  right  after  the  Type  51  card 
if  ITOC  =  1.  The  complete  set  of  cards  for  the  top  is  loaded  first 
followed  by  a  set  for  the  bottom.  The  input  tables  use  a  triple  interpola¬ 
tion  technique  where  the  third  variable  at  the  present  time  is  a  dummy. 


ZFACT  =  fn  (%  Semi-span,  XB,  DUMMY) 


The  interpolation  scheme  uses  a  parabolic  fit  between  sets  of  three 
input  points.  Only  a  minimum  of  input  information  will  be  given  here 


since  it  is  assumed  that  the  user  will  familiarize  himself  with  the 
details  of  the  Slab  Delta  Program  before  attempting  to  use  this  option. 


The  thickness-correction-table  data  will  be  input  on  Type  52  cards  for 
the  top  and  Type  53  cards  for  the  bottom  (in  CC  71-72).  Each  card 
should  contain  5  fields  of  10  columns  wide  and  the  variable  LAST2  in 
CC  66.  The  top  data  is  stored  in  the  ZTj  array  (maximum  size  of  300) 

for  the  top,  and  the  ZB^  array  (also  300  in  size)  for  .:he  bottom.  The 

required  order  of  data  is  outlined  below. 

Array  Item 

ZTj  Number  of  semi  span  points 

ZT^  Number  of  XB  stations 

ZT.j  Number  of  DUMMY  points  =  3 

ZT^  Semi-span^ 

ZTg  Semi-span2 

ZT^  Semi-span^ 

*  Semi-span 

r  max 

DUMMY  j  =  0. 0 

dummy2  =  0.0 

DUMMYj  =0.0 

xbl 

ZFACT  at  (XBj ,  Semi-span^  DUMMY  j) 

ZFACT  at  (XBj ,  Semi-span^  DUMMY^) 

ZFACT  at  (XBr  Semi-span^  DUMMY^) 

(Note  all  these  ZFACT  are  the  same,  since 
all  DUMMY  =  0.0.) 

ZFACT  at  (XBj,  Semi-span^  DUMMYj) 


etc. 

The  last  card  in  each  table  should  contain  1  in  column  60  to  indicate 
the  end  of  the  table  data. 
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INPUT  DATA  SUMMARY  AND  CHECK  LIST 


No  computer  program  is  capable  of  running  itself  —  it  takes  a  certain  amount 
of  intelligently  and  accurately  prepared  input  data.  This  section  of  this 
report  will  review  and  summarize  the  concepts  involved  in  preparing  this 
input  data  for  the  Hypersonic  Arbitrary-Body  Computer  Program  System. 

The  flow  of  calculations  within  this  program  and  the  reading  of  the  input 
data  is  controlled  by  a  few  important  input  flags.  These  flags  are  not  input 
all  at  once  at  the  beginning  of  the  run  but  aie  spread  throughout  the  different 
cards  in  the  input  deck.  It  is  this  feature  that  gives  this  program  its  great 
flexibility  in  solving  a  very  wide  variety  of  problems.  The  general  philosophy 
of  this  approach  can  best  be  illustrated  by  several  examples.  During  this 
discussion  the  reader  should  refer  to  the  fold-out  input  sheet  samples 
provided  in  Appendix  C  and  also  to  the  appropriate  input  data  flow  diagram. 


st  Sample  Problem  Set-Up 


Problem  -  Given  a  vehicle  consisting  of  a  flat  plate  described  by  the 
surface-element  input  method.  Pressure  forces  on  this 
shape  are  to  be  calculated  at  5  angles  of  attack.  No  skin 
friction  is  to  be  calculated. 


Solution 


Card 

1 

2 


3 


4 

5 


-  The  values  for  the  key  input  flags  are  given  below  (cards 
in  order  with  only  the  values  of  the  key  control  flags 
given) . 

-  System  Control  card  —  card  column  3-1 

-  Element  Data  Title  card  —  Type  1 

ISUM  =  0 

-  Element  Data  Control  card  -  Type  2 

IGEOM  =  0  Element  data  is  input. 

ITAPE  =  0  Geometry  data  is  on  normal  input  tape. 

IGTYPE  =  0  Not  a  flap. 

IELOV  =  0  Calculate  quadrilaterals. 

-  Element  Data  Geometry  Cards  —  T>pe  3  —  As  many  Type  3 
cards  as  required  to  describe  the  shape. 

-  Force  Data  Title  card  —  Type  8 
IRETI  (CC60)  =  0 
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Card 

6 


7 

8 


-  Flight- Condition  card  —  Type  9 


LAST 


=  0 


NUMBERo-P  =  5 
USE  OLDo-P  =  0 
NO.S.F.  =  0 


This  is  the  last  set  of  flight  condition, 
c.g.,  and  flight-attitude  cards. 

5  angles  of  attack. 

Type  12  cards  are  input. 

No  skin  friction  cards. 


-  Center-of-Gravity  card  —  Type  10 

-  Flight-Attitude  Data  cards  —  Type  12 
5  cards,  one  for  each  angle  of  attack 

-  Type  99  Phase  Termination  card 


If  skin-friction  data  were  to  be  calculated  for  the  above  case  (using  Mode  2 
of  the  skin-friction  procedures),  then  the  skin-friction  (Type  11  cards) 
would  be  located  between  cards  7  and  8  and  the  number  of  Type  11  cards 
would  be  given  in  card  columns  64-65  of  the  Flight  Condition  Card. 


2nd  Sample  Problem  Set-Up 

Problem  -  Given  a  vehicle  composed  of  two  components.  The  first 
component  is  to  be  generated  by  the  ellipse  subroutine, 
and  the  second  is  hand  input  using  the  surface -element 
method.  Calculate  the  inviscid  pressure  forces  using  a 
different  force  method  on  each  component;  print  the 
resulting  total  inviscid  characteristics;  determine  the 
skin-friction  using  Mode  1  of  the  skin-friction  procedures 
(input  skin-friction  geometry  on  Type  3  cards);  and  print 
the  total  vehicle  characteristics.  Also,  have  the  Picture 
Drawing  Program  draw  pictures  of  the  resulting  vehicle. 

Solution  -  The  values  for  the  key  flags  are  given  below  (cards  in 

order  with  only  the  values  of  the  key  control  flags  given). 

Card 


1  -  System  Control  card  —  Type  0 

Card 

Column  3  =1  Aerodynamic  program  option 

Card 

Column  6  =2  Picture  Drawing  option 

2  -  Element  Data  Title  card  -  Type  1 

ISUM  =  1  Save  force  contribution  for  future 

summation. 


3  -  Element-Data  Control  card  —  Type  2 

IGEOM  =  1  Use  elliptical  routine  to  generate  shape. 
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Card 

3  ITAPE  =  1  For  quadrilateral  calculations  read 

geometry  data  from  Tape  8  after 
rewinding  it. 

IGTYPE  =  0  Not  a  flap 

1ELOV  =  0  Calculate  quadrilaterals 

4  -  Ellipse  Generation  Control  card  —  Type  4 

ANGLE 

FLAG  =  1  Starting  and  final  ellipse  angles  are 

.  the  same 

PRINT  =  1  Print  ellipse-generated  element  data 

cards 

5  -  Cross-Section  Data  cards  for  ellipse  generation  —  Type  5 

All  cards  except  the  last 

LAST  =  0  This  is  not  the  last  cross  section. 

Last  cross-section  data  card 

LAST  =  3  This  is  the  last  cross-section  card. 

6  -  Force-Data  Title  card  —  Type  8 

Return  to  Type  1 

(CC60)  =  0 

7  -  Flight  Condition  card  —  Type  9 

LAST  =  0  Program  will  expect  a  new  Element 

Data  Title  card  after  forces  are 
calculated. 

Number  o- p  =55  angles  of  attack  are  to  be  used. 

Use  Old  o-P  =  0  Flight-attitude  cards  are  input. 

NO.S.F.  =  0  No  skin-friction  cards  for  this  component. 

8  -  Cente r-of-Gravity  card  —  Type  10 

9  -  Flight  Attitude  Data  cards  —  Type  12 

5  cards,  one  for  each  angle  of  attack 

10  -  Element  Data  Title  card  for  component  number  two. 

ISUM  =  1  Save  force  contribution  for  future 

summation'. 
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Card 

11 

12 

13 

14 

15 

16 

17 

18 

19 


N 

i 


Element  Data  Control  card  —  Type  2 


IGEOM 
IT  APE 


IGTYPE 

IELOV 


0  Element  data  is  input. 

4  Read  geometry  data  from  normal  input 
Tape  5  and  also  write  these  same  data  on 
Tape  8  for  use  along  with  the  ellipse 
data  by  the  picture  drawing  program, 

0  Not  a  control-surface  flap 

0  Calculate  quadrilaterals 


Element  Data  Geometry  cards  —  Type  3 


Use  as  many  Type  3  cards  as  required  to  describe  the 
shape.  Last  card  has  STATUS  =  3. 


Force  Data  Title  card  —  Type  8 

Return  to 
Type  1  =  0 


Flight-Condition  card  —  Type  10 

LAST  =  0  Program  will  expect  a  new  Element 

Data  Title  card  after  forces  are 
calculated. 


Number  o-p 
Use  old  a- (3 
NO.S.F. 


5  5  angles  of  attack  are  to  be  used. 

0  Flight  Condition  cards  are  included. 

0  No  s'kin-friction  cards  for  t.iis 
component. 


Center-of-Gravity  card  -  Type  10 

Flight- Attitude  Data  cards  —  Type  12 

5  cards,  one  for  each  angle  of  attack 

Element  Data  Title  card  to  sum  up  the  data  for  the  two 
components  —  Type  1 

ISUM  =  2  Print  summation  of  forces  for  both 

components . 

Element  Data  Title  card  —  Type  1  (For  skin-friction 
calculations). 


ISUM  =  1  Save  resulting  force  data  for  summation. 

Element  Data  Control  card  —  Type  2 

IGEOM  =  0  Element  data  are' input. 

ITAPE  =  0  Geometry  data  input  on  normal  input 

Tape  5. 

IELOV  =  0  Calculate  quadrilaterals 

IGTYPE  =  2  Skin-friction  geometry  is  input. 
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4  , 


Card 

20 


21 


22 


23 

24 

25 


26 

27 

28 


Element  Data  cards  -  Type  3.  Skin-friction  geometry  is 
input  using  the  regular  element  input  method.  Use  as 
many  elements  as  are  required  to  give  a  good  approximation 
of  the  vehicls  shape  (approximate  areas  of  large  curvature 
with  several  flap  plate  elements).  Each  input  surface 
element  will  probably  be  a  separate  section  (four  data 
points  with  the  first  having  a  STATUS  of  2,  using  two  Type 
3  cards  per  clement),  with  the  last  point  of  the  last 
element  having  a  STATUS  of  3  (dummy  elements  to  give 
a  STATUS  of  3  are  not  permitted  in  the  skin-friction 
geometry  deck). 

Force  Data  Title  card  —  Type  8 

Return  to 
Type  1  =  0 

Flight  Condition  card  —  Type  9 

LAST  =  0  Data  Title  card  after  forces  are 

calculated . 

5  5  angles  of  attack  are  to  be  used, 

4 

1  No  Type  12  cards  are  included.  Use 
previous  component  Type  12  card  data 
for  pressure  calculations  on  the 
skin*friction  elements. 

No.  of  skin-friction  elements  =  number  of  elements  input 

Center  of-Gravity  card  —  Type  10 

Skin  Friction  Cards  —  Type  11 

One  Type  11  skin-friction  card  for  each  element 

Element  Data  Title  card  to  sum  up  the  data  for  both 
components  and  the  skin-friction  contribution  —  Type  1. 

ISUM  =  2  Print  summation  of  all  data  on 

summation  tape. 

Phase  Termination  cardf  —  Type  =  99 


Number  a-(3  = 
Use  old  ot-fi  = 


Element  Data  Title  card  for  pictures  -  Type  31 
Element  Data  Control  card  —  Type  32 


Use  Scale 
Factors 


XSCALE 

YSCALE 

ZSCALE 


=  1  Use  scale  factors  to  shift  coordinate 

center  to  center  of  vehicle  to  simplify 
picture  scale  selection. 

=  1.0 
=  1.0 
=  1.0 


axscale 


A  value  equal  to  about  one-half  of  the 
vehicle  length. 
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*<r 4t 


Card 

28 


29 

30 

31 

32 

33 

34 

35 


Nvmber  of 
Status  3 

IT  APE 


IREW8 


=  2  This  vehicle  contains  2  STATUS  =  3. 

=  1  Geometry  data  will  be  read  from  Tape  8 
as  prepared  by  the  AERO  option. 

=  0  Rewind  Tape  8  before  reading  geometry 
data 


Viewing  Angle  Data  card  —  Type  34 

LAST  =  0  Not  the  last  picture. 

Scale  Data  card  —  Type  35 

No  Scale  =  1  Do  not  draw  scales. 

Plot  Title  card  —  Type  37 

Viewing  Angle  Data  card  —  Type  34 

LAST  =  1  This  is  the  last  picture. 

Scale  Data  Card  —  Type  35 

Plot  Title  card  —  Type  37 

Phase  Termination  card  —  Type  99 


The  previous  two  sample  problems  are  typical  applications  of  this  analysis 
system.  One  example  was  very  simple  and  the  other  somewhat  more  compli¬ 
cated.  These  two  samples  illustrate  both  the  flexibility  of  the  analysis 
system  and  the  care  that  must  be  used  in  preparing  the  input  data.  The  user 
should  remember  that  every  key  control  flag  must  have  the  proper  value  for 
the  problem  to  run  successfully. 


INPUT  CHECK  LIST 

The  last  step  in  preparing  input  for  this  program  is  to  check  that  all  the 
cards  are  in  the  proper  order,  that  each  card  has  the  correct  type  number, 
and  that  all  the  key  program  flags  have  been  properly  set.  A  machine  list¬ 
ing  of  the  input  cards  is  very  helpful  in  performing  this  check.  It  is  easier 
to  detect  errors  on  such  a  listing  than  it  is  to  find  errors  on  the  load  sheet 
or  on  the  cards  themselves.  Each  item  on  the  check  list  below  should  be 
reviewed  before  a  deck  of  cardR  are  submitted  to  the  program. 

General  Items 

II.  Check  phase  option  selections. 

2.  Check  last  card  of  each  phase  —  it  should  be  a  Type  99  card. 


4 
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3.  Check  card  order  by  reviewing  card  type  numbers.  Every  card 
must  have  a  valid  type  number. 

4.  Check  all  key  control  flags  that  involve  the  determination  of  card 
order . 

5.  Check  accuracy  of  all  numerical  data. 

6.  Check  that  the  last  geometry-data  surface  point  for  each  component 
has  STATUS  =  3. 

7.  Check  the  proper  positioning  of  Tape  8  lor  each  part  of  the  problem. 

8.  If  this  shock-expansion  pressure  method  is  to  be  used,  check  that 
the  geometry  orientation  flag  (IORIEN)  has  been  properly  set. 

Also  check  that  ihe  leading  elements  for  the  shock-expansion 
process  have  the  proper  geometric  position. 

9.  If  a  control-surface  problem  is  to  be  solved,  check  that  the  fore¬ 
surface  and  control  flap  have  been  loaded  as  one  component  (two 
sections,  with  the  fore -surface  first).  The  elements  must  be 
oriented  strip-wise  (IORIEN  -  1)  with  the  same  number  of  stream- 
wise  strips  in  both  the  lore -surface  and  flap.  Maximum  number  of 
elements  in  a  stream-wise  strip  (including  both  fore -surface  and 
flap)  should  not  be  greater  than  125. 

10,  If  free-molecular-flow  force  method  has  been  selected,  check  if 
the  whole  vehicle  has  been  loaded  (top,  bottom,  sides,  base,  etc.), 
and  that  the  free-molecular- flow  option  has  been  selected  for  both 
impact  and  shadow  regions, 

11.  If  geometry  data  cards  are  to  be  punched  from  Tape  8, do  not  rewind 
the  tape  at  the  end  of  last  phase  but  leave  it  in  its  last  geometry 
data  position.  The  FORTRAN  system  will  then  write  an  end-of-file 
behind  the  data  and  rewind  the  tape  for  removal  and  punching. 


Key  Input  Items 
Card 

Type  Card  Name 

1  Element  Data  Title  Card 

2  Element  Data  Control  Card 

3  Element  Data 

4  Ellipse  Generation  Data 

5  X -Station  Card 

6  Parametric  Cubic  Title  Card 

7  Parametric  Cubic  Boundry  Data 

8  Force  Data  Title  Curd 

9  Flight  Condition  Card 


Key  Card  Columns 
60,  61 

3,  5,  60,  61,  62,  63 

31,  62  (last  point  in 
component  must  have 
STATUS  =  3). 

60 

60 

60 

31,  62  (last  point  in 
each  patch  must  have- 
STATUS  =  3). 

60 

60,  61-62,  63,  64-65 
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Card 

Type 

Card  Name 

Key  Card  Columns 

10 

Center  of  Gravity  Card 

1-10  (usually 
negative) 

11 

Skin  Friction  Data 

11-19  (wetted  area 
in  same  units  as 
SREF). 

12 

Flight  Attitude  Data 

41-42,  43-44 

13 

Coefficient  Increment  Data 

Same  number  of  cards 

as  «-/}cards  when 
ITYP13  =  1. 


14 

15 

16 

17 

18 

19 

20 
21 

22  Thrust  Vector  Data  60  (N  ,  N  ,  N 

'  x  y  z 

must  be  direction 

cosines  of  force 

vector.  At  least 

one  vector  card 

must  be  present 

for  each 

angle  of  attack  when 
IVECT  =  1). 


31 

Element  Data  Title  Card 

32 

Element  Data  Control  Card 

3,  5,  60-61,  62,  63 

34 

Viewing  Angles 

60 

35 

Scales 

60 

36 

Labels 

37 

Plot  Titles 

41 

Data  Source  Control 

4 

44 

Vertical  Title 

45 

Horizontal  Title 

46 

Plotting  Grid 

47 

Plotting  Array 

48 

Horizontal  Label  Cards 

*  ■*. 


*4  / 
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SECTION  IV 


OPERATIONAL  CONSIDERATIONS 

The  Mark  III  version  of  the  Hypersonic  Arbitrary- Body  Aerodynamic 
Computer  Program  is  written  entirely  in  FORTRAN.  Models  of  the  Mark 
III  program  are  available  for  use  on  the  IBM  360,  the  IBM  7094,  and  the 
UNIVAC  1108  computers.  For  the  Mark  III  program  the  IBM  360  model 
is  considered  to  be  the  base-line  program.  The  differences  between  the 
programs  are  of  a  minor  nature  and  modifications  necessary  for  operation 
on  other  similar  computers  should  be  easy  to  accomplish.  The  program 
also  makes  use  of  the  Douglas  version  of  the  SC-4020  software  system 
package  to  generate  a  plotting  tape.  This  tape  is  then  processed  off-line 
by  a  Stromberg  Carlson  SC -4020  Data  Recording  System.  The  graphics 
parts  of  the  program  may  be  converted  by  the  user  for  operation  with 
on-line  graphics  equipment  such  as  the  IBM  2250. 

OVERLAY  STRUCTURE 

Because  of  the  large  size  of  this  program  it  is  necessary  to  use  the  overlay 
feature  of  FORTRAN  to  permit  operation  on  most  computer  systems.  The 
overlay  structure  to  obtain  the  minimum  size  program  is  shown  in  the  chart 
below.  At  the  Douglas  computer  complex  this  permits  the  operation  on  the 
IBM  360/65  (total  program  length  of  approximately  1  05,  000  bytes)  and  the 
IBM  7094  (32K  machine). 


OVERLAY  STRUCTURE 
MARK  III  PROGRAM 
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Additional  information  concerning  deck  set-up  and  operation,  tape 
assignments,  etc. ,  is  presented  in  Section  IV  of  Volume  II  of  this  report. 
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SECTION  V 


OUTPUT  DATA 


The  amount  of  output  data  generated  by  this  program  is  controlled  by  the 
various  input  print  flags.  The  basic  philosophy  involved  in  the  output-data 
printing  is  outlined  below. 

The  force  characteristics  at  each  vehicle  angle  of  attack  axe  not  printed  as 
they  are  calculated  but  are  saved  for  printing  after  all  angles  of  attack  have 
been  evaluated.  This  facilitates  both  the  normal  printing  of  data  (i.  e. ,  the 
most  important  summary  force  data)  and  the  saving  of  data  for  summation 
and  possible  plotting  by  the  automatic  plotter. 

Sample  output  summary  force  data  are  shown  on  page  133.  The  force-data 
output  sheet  is  divided  into  two  sections,  with  the  force  characteristics  on 
the  left  and  the  lorce-method  control  cfaiia  on  the  right.  The  basic  output 
data  consist  of  a  two-line  block  of  data  for  each  angle-of-attack-yaw-angle 
combination.  If  derivatives  are  calculated  then  additional  lines  will  be 
printed  containing  these  data.  The  conventional  aerodynamic-force-coeffi¬ 
cient  and  derivative  symbols  corresponding  to  the  program-printed  mnemon¬ 
ics  are  presented  on  page  135. 

The  coordinate  system  sign  convention  used  for  the  geometry  data  input  to 
this  program  is  shown  in  the  figure  on  page  86.  This  sign  convention  is  not 
consistent  with  usual  stability  and  control  practices.  However,  it  should  be 
noted  that  the  sign  conventions  used  in  the  printout  of  the  program  coefficients 
and  stability  derivatives  have  been  corrected  for  this  difference  so  as  to  be 
consistent  with  standard  practice.  The  one  exception  to  this  is  the  control 
surface  deflection  derivative  sign  convention.  Because  of  the  complete  gen¬ 
erality  provided  in  the  program  for  the  positioning  of  control  surfaces  it  be¬ 
came  necessary  to  adapt  a  simple  rule  for  all  conditions  —  a  positive  control 
deflection  is  a  deflection  outward  into  the  flow.  The  sign  conventions  used 
for  the  other  vehicle  coefficients  are  shown  on  page  135. 

When  the  program  starts  to  print  the  data  header  information  at  the  top  of 
the  force-data  output  it  checks  to  see  what  derivatives  have  been  calculated. 

If  derivative  data  are  calculated  at  any  angle  of  attack  the  appropriate 
header  line  will  be  printed.  For  each  angle  of  attack  a  line  of  output  data 
will  be  printed  to  correspond  to  each  header  line.  If  at  a  particular  angle  of 
attack  no  derivatives  had  been  calculated  the  program  will  still  print  a  full 
output  line  to  match  the  header  (if  no  values  had  been  calculated  the  program 
will  print  0.  00000). 

As  the  program  proceeds  through  each  phase  of  its  calculations  certain  data 
are  generated  that,  at  times,  would  be  useful  output  data.  Data  in  this 
category  include  detailed  element  characteristics  and  force  contributions 
of  each  individual  element.  This  type  of  data  is  not  printed  unless  the 
proper  print  flag  has  been  set. 

Sample  sheets  for  various  other  optional  output  data  are  shown  on  page  134. 
These  include  a  detailed  printout  of  the  input  element  characteristics,  and 
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the  detailed  force  contributions  of  each  surface  element  (used  only  when 
detailed  pressure  distributions  are  required).  Also  shown  is  the  normal 
skin-friction  output  data  format.  The  symbols  used  in  the  skin-friction 
printout  are  described  in  detail  on  pages  140  through  142. 

A  sample  printout  of  the  geometric  properties  of  a  quadrilateral  element 
is  shown  at  the  top  of  page  134.  This  printout  for  each  vehicle  element 
may  be  obtained  by  inputting  PRINTS  =  1  on  the  Element  Data  Title  Card. 

The  printed  data  obtained  include  the  unit-normal  direction  cosines,  the 
quadrilateral  centroid,  area,  and  volume  contribution,  and  the  X-Y-Z 
coordinates  of  the  corner  points  of  the  input  surface  element  (in  a  clock¬ 
wise  order  around  the  element).  This  printout  option  will  result  in  a 
large  amount  of  output  if  the  number  of  elements  is  high.  The  area  values 
and  volume  contributions  printed  out  are  for  the  input  geometry  data  and 
do  not  include  symmetry  aspects. 

The  second  sample  printout  on  page  134  is  an  example  of  the  detailed  force - 
contribution  results  that  may  be  obtained  by  setting  PRINT  =  1  on  the  Flight 
Attitude  Data  Card.  This  print  option  can  also  generate  a  large  amount  of 
printout.  When  the  shock-expansion  pressure  method  is  used,  additional 
local  flow  information  may  be  obtained  by  IPRINT  =  1  on  the  Flight  Attitude 
Data  Card. 

The  skin-friction  data  shown  in  the  last  example  on  page  134  may  be  obtained 
by  setting  all  of  the  skin-friction  print  flags  (ISj  7,  ISj  g,  and  ISj  g)  equal 

to  one.  In  this  example  the  Force  data  print  flag  was  also  turned  on. 

For  skin-friction  calculations  it  is  advisable  that  IS^  7,  and  ISj  g  be  turned 
on  for  all  cases  and  that  ISj  g  be  set  equal  to  two.  A  large  amount  of 
output  is  not  produced  and  tlie  information  is  usually  found  to  be  usefuL. 


FADE  10 


HY KROON  1C  ARBITRARY-BODY  PROGRAM,  MARK  III  MOO  0 
CASE  10 


SAMPLE  OUTPUT  WITHOUT  DERIVATIVES 


MACH*  IS. 000  VEL*  19911 

.*  FT/SEC 

RE/FT  •  0.3101SE  05 

ALT  •  200000. 

S  REF  •  120.25 

SPAN  • 

5.70  MAC  •  30.00 

X  CG  •  -15.00 

Y  CO  • 

0.00  2 

CO  •  0.00 

FORCE  OATA 

CONTROL 

DATA 

ALPHA  C  D 

C  L 

C  A 

C  Y  C  N 

K 

IMPACT 

ETAC 

SETA  L/D 

C  M 

C  LL 

C  LN  C  F 

Q/Q  INF 

ISHAD 

ENPM 

0.00  0.009S7 

0.000*0 

0.00997 

0.00000  0.00000 

2.00000 

9 

1.0000 

0.00  0.0*201 

0.00000 

0.00000 

0.00000  0.00057 

1.00000 

2 

1.0000 

IMPACI 
I  SHAD  I 

S 

5 


DELTA  E 


0.00 


HYPERSONIC  ARBITRARY-SODY  PROGRAM,  MARK  III  MOD  0 

CASE  10  PAGE  191 

SAMPLE  OUTPUT  WITH  ALPHA  DERIVATIVES  AND  NINO  TUNNEL  CONDITIONS 


MACH*  I. 010  VEL*  *72*. 1  FT/SEC  RE/FT  •  0.210I2E  07 

P  STAG*  11.3  ATMOS  T  STAG*  ISkO.O  DEG  F 


S  REF  • 

*1.12 

SPAN  • 

7.20  MAC 

•  10.00 

X  CG  - 

•10.00 

Y  CO  • 

0.00  Z  CG  ■  0.00 

FORCE  OATA 

CONTROL 

DATA 

ALPHA 

C  D 

C  L 

C  A 

C  Y  C  N 

X 

IMPACT 

ETAC 

IMPACI  DELTA  E 

SETA 

L/D 

C  M 

C  LL 

C  LN  C  F 

Q/Q  INF 

ISHAD 

ENPM 

ISHAOI 

CA  A 

CL  A 

CN  A 

CM  A 

CM  Q 

CA  Q 

CN  Q 

CMA  D 

0 

0.00 

0.25527 

0.00000 

0.25527 

0.00000  0.00000 

2.00000 

1 

1.0000 

0  0.00 

0.00 

0.00000 

0.00000 

0.00000 

0.00000  0.00000 

1.00000 

1 

1.0000 

0 

0.00920 

0.02070 

0.03070 

0.007SS 

0.*S929 

9.00011 

•O.0SSO7 

0.00000 

0.0 

HYPERSONIC  ARBITRARY-SODY  PROGRAM,  MARK  1 1 1  MOD  0 

CASE  10  199 

SAMPLE  OUTPUT  WITH  SETA  DERIVATIVES 


MACH* 

0.010  VEL*  *72*. 

.1  FT/SEC 

RE/FT  •  0.21012!  07 

P 

STAG*  11, 

.5  ATMOS 

T  STAG*  ISkO.O  OEO  F 

$  REF 

•  *1.02 

SPAN  ■ 

7.20  MAC  •  10.00 

X  CG 

•  -10.00 

Y  CO  ■ 

0.00  Z 

CG  •  0.00 

FORCE  OATA 

CONTROL 

DATA 

ALPHA 

C  0 

C  L 

C  A 

C  Y  C  N 

K 

IMPACT 

ETAC 

IMPACI 

SETA 

L/D 

C  M 

C  LL 

C  LN  C  F 

Q/Q  INF 

ISHAD 

ENPM 

ISNAOI 

CY  9 

CLN  9 

CLL  R 

CY  R 

OLN  R 

CLL  R 

CY9  D 

R 

0.00 

0.21*00 

0.00009 

0.25*00 

•0.0*153  0.00009 

2.00000 

1 

•0.0009 

0 

2.00 

0,90000 

0.00000 

0.00000 

•0.02073  0.00009 

1.00900 

1 

0.0000 

0 

•0.0S070 

•0.01055 

0.00009 

•0.101*1 

•0.13100 

•0.00001 

•0.00000 

0.0 

HYPERSONIC  AROITRARY-OOOY  PROGRAM,  MARK  III  MOO  0 

CASE  ISO  PAGE  *6 


SAMPLE  OUTPUT  WITH  CONTROL  SURFACE  DERIVATIVES 


MACH* 

20.000  VEL*  215*9 

.*  PI/SEC 

AE/FT  •  0.0065*1  05 

. 

ALT  • 

1 75000. 

S  REP 

«  1091.90 

SPAN 

9 

5*. 90  MAC  •  50.00 

X  CG 

•  -27.50 

V  CG 

• 

O.OC  Z 

CG  •  0.00 

3RCE  OATA 

CONTROL 

DATA 

ALPHA 

C  C 

C  L 

C  A 

C  Y  C  N 

X 

IMPACI 

ETAC 

IMPACI 

BETA 

L/D 

C  N 

C  LL 

C  LN  CP 

d/d  INF 

ISHAO 

1NPM 

ISHAOI 

CM  0 

CLL 

0 

CY  0 

CLN  0  CN  C 

HP  l 

HM  A 

2S.CC 

0. 0***9 

0.10091 

0.01779 

0.00000  0.119** 

2.01500 

1 

O.JCOO 

3 

0.00 

1.911*5 

-0.0*070 

0.00000 

0.00000  0.00000 

1.00000 

1 

0.9000 

3 

-1.99E-01 

0. 

0.0 

0.0  *.2*E-01 

-3.036  06  0.0 
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HYPERSONIC  ARIITRARY-IOOY  MMUN,  MARK  III  MOO  0 
CAM  10 


•AMPLE  OUTPUT  OP  CHARACTERISTICS  OP  INPUT  (L(M(NT  OATA 
INPUT  SURFACE  (LIMNT  OATA 

XCINT  AREA  l 

POINT  DELTA  V 

teiNT  VOLUME 


1 


•SaOIOtll  II 

M, 

t.insii  is 


•S.llllll  II 

i.i 

S.llllll  li 


•la •••III  II 
l.SSIIII  II 
1.0II1IE  II 


-•.•OWE  II  I. Will  *1.111111  II 

i.v  i.i  s.  mill'll 

l.lllllt  II  ••.Will  l. 013171  II 


s.imsE  oo 

0.0 


I.I 


l 


HYPERSONIC  ARIITRARY-IOOY  PRO! RAM.  MARR  III  MOO  I 

CASE  IS!  pace  ♦» 

SAMPLE  OUTPUT  PON  OETAILEO  ELEMENT  PORCI  CONTRIIUTIONI  (INfLUOINO  CONTROL  IURPACE  OATA) 

(LENENt  OATA  MACH*  10.000  ALT  ■  175000.  S  REP  •  IC4I.B  SPAN  •  34.4  IMPACT  •  I  IMP4CI  •  ) 

SCO  ■  -2T.S  VCG  •  0.0  ECO  ■  0.0  MAC  •  50.0  •  ISMAO  •  1  ISHAOI  •  5 

ANCLE  OP  ATTACK  •  25.00  YAH  ANCLE  •  -0.00  K  •  2.01500  E  7AC  •  0.0  DEL  IA  E  •  15.00 

IOENIV  •  4  C  •  0.0  A  ■  0.0  .  P  •  0.0 

L  OIL  CA  OIL  CV  OIL  CN  DEL  CLL  DEL  CLN  Of l  CLN  CP  AREA 

CA  CV  CN  CLL  CLN  CLN  DELTA 


01  0.442511-01  0.0  0.1A1I5E-02  0.0. 

0.M454E-0I  0.0  0. 1 14 21 E  00  0.0 

OELTA  CP  CONTROL  •  O.OTII1E  00  PORCI  METHOD  CP 


-O.TA4T4E-01 
-0. 1A1S5I-0I 


0.0 

0.0. 


■  0.15484E  00  H.N.  t»Vt 


C.12M0F  01  0.75*111  00 

0. 25000E  02 

-0.24314E  05  H.M.  •  -Y |  .  0.0 


HYPERSONIC  ARRITKARV-AOUV  PROGRAM.  MARK  III  MOD  0 

•RIN  PRICTIM  SAMPLE  OUTPUT  MITH  ALL  PRINT  PLAIS  TURNED  ON  PACE  5 

SAIN  FRICTION  MIT MOOS  CHECKOUT 
PREE  STREAM  CONDITIONS 

ALPHA  ■  0.0  MACH  •  14. OR  VELOCITY  ■  20000.4  ALIITUOE  •  200000.0 

RE/PT  ■  l.UAE  04  S  REP  •  1.0 


KT  • 

1 

TCI  • 

0. 100000E 

OS 

thi  •  a.nooooE  oi 

TC2  •  0.471411E 

01 

TK2  • 

0.971431E 

01 

1  TA¬ 

1 

0C1  • 

0.24844 AC 

Oi 

OKI  •  0.E98T52E-01 

UC2  *  3.25490JE 

01 

0*2  • 

0. 24S448E 

01 

RT  • 

2 

TCI  » 

0.4JIG0AE 

01 

IKI  •  O.VlloOKE  01 

ICE  •  0.44I48RE 

0) 

7*2  • 

0. 4414  ABC 

01 

HR* 

1 

IK  1  • 

0.255515E 

OJ 

URL  •  0.225012E  01 

0C2  •  0.255082F 

Oi 

UK  2  • 

0.255515P 

01 

Nr>  a 

IOEAL  GAS. 

REP.  T/REP.  T 

SOLUTION. 

KT-  2 

TnEU 

•  4*1. 2R  CPI 

•  0. 

2I2TT4E-01  C  PI (HE  1 1  • 

U 4 4 1 0898  HUHUKA  • 

0.1*242 

M»/Hl  ■ 

11.1514 

KT  • 

1 

TCI  • 

O.IOOOOOE 

Ul 

thi  •  o.ioooooe  nj 

TC2  •  0.II8514E 

04 

7*2  • 

0.II8514E 

04 

ITM* 

1 

act  • 

0.584S04E 

01 

QRt  •  0.298752E-01 

UC2  •  0.531 I54F 

01 

0R2  • 

0. 584804E 

01 

KT  • 

2 

TCI  • 

0.I0871SE 

04 

IKI  -  0.10871RE  04 

TC2  •  0.1157 14E 

04 

TR2  • 

0.EI5T14E 

04 

ITM* 

1 

UC1  • 

0.SJ40S&F 

Oi 

UR1  •  0.417144E  01 

UC2  ■  0.5I2551C 

01 

0*2  • 

0. 5340*11 

01 

NM*  4 

IOEAL  GAS. 

RtP •  T/REF.  1 

SOLUTION. 

KT*  2 

tmcu 

■  IIS5. SR  CPI 

■  a. 

4414454-01  CFIIHtll  • 

0*009199  KOHUKA  • 

0.07104 

H4/MI  • 

14.0/54 

HAM/HI  •  42. 1*72 


MAM/ HI  •  45.4879 


SKIN  PRICTIUN  OATA 


SURF  NO. 

TYPE 

MEIHOO 

S  ME? 

LENGTH  ALPHA  U 

MtOCE 

ANCLE  12) 

RE  LOC 

CHI  BAM 

V  BAR 

LAN 

CP 

CA 

CN 

SUM  CA 

SUM  CN  IR 

TM/T 

T2/TP 

RE»/FT 

CO 

CF/CF3 

7UK8 

CP 

CA 

CN 

SUM  LA 

SUM  CN  T> 

tm/t 

Th/Th 

RE*/FT 

CO 

CF/CPI) 

MACH 

V 

V  SOUND 

P-PSF 

TEMP-*  RiKI*l(l*«4 

VlS*10**7 

RE/F7 

C  STAR 

c 

V  STAR 

T 

0 

2 

1. 

100.0  0.0 

0.0 

0.0 

3.I14E  04 

1.544 

0.0098 

LAN 

0.00081 

o.o 

0.0 

0.0 

0.0  9ol,2 

2.1014 

0.0117 

4.704E  02 

0.0 

1.7901 

TUR* 

0.00044 

0.0 

0.0 

J.O 

0.0  1155. S 

2.5284 

0.01*1 

4.240E  02 

0.0 

1.0000 

STREAM 

19.04444 

20000.4 

1042.47 

0.4114 

454.99  0.0052494 

1.1*2447 

3. I14E  04 

1.B24F-OI 

8. I49E-0I 

0.0047 

LOCAL 

14.0*499 

20000.4 

1047.97 

0.4114 

4,56.99  0.0052444 

1.182447 

1. 1167  04 

ILEMCNT  OAf A  MALM"  14,0.5  ALT  •  200000.  S  KEF  •  1.0  SPAN  •  1.0  IMPACT  "  1  IMPACI  •  0 

ACC  •  -O.S  VLG  •  0.0  2CC  •  0.0  MAC  •  1.0  ISHAI)  •  1  ISHAOI  •  0 

ANGLE  UP  ATTACR  •  0.0  YAM  ANCLE  *0.0  A  *  2.00000  ETAC  •  1.0000  OELTA  E  •  0.0 

IOERIV  •  0  8  •  0.0  R  •  0,0  P  •  0.0 


l  UIL  LA 

CA 


OEl  CV 
CY 


OEL  CN 
CN 


OEL  CLL 
CLL 


OEL  CLN  OEL  CLN  CP 

CLM  CLN  OELTA 


AREA 


T  0. 12TASE-02  0.0 

0. TE154E-02  0.0 


0.0 

O.u 


0.0 

0.0 


0.0 

0.0 


0.0  0.0  O.IOOOOE  01 

0.0  0.0 
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OUTPUT  DATA  SYMBOLS 


SUMMARY  FORCE  DATA 


Basic  Data 
ALPHA 
BETA 

C  D 
C  L 
C  A 
C  Y 

C  N 
K 

L/D 
C  M 

C  LL 

C  LN 

C  F 

Q/Q  INF 


Angle  of  attack  degrees 

Yaw  angle,  degrees  (  positive  with  the  wind  striking  the 

right  side  of  the  vehicle). 

Cp  drag  coefficient 

lift  coefficient 

C  .  axial  force  coefficient 

A 

C..  side  force  coefficient  (positive  when  force  is 

pushing  on  left  side  of  vehicle  toward  the  right). 

C.T  normal  force  coefficient 

N 

K  Newtonian  correlation  factor 

L/D  lift -to -drag  ratio 

C  pitching  moment  about  component  or  vehicle 

center  of  gravity  (based  on  vehicle  length 
parameter,  MAC). 

C^  rolling  moment  coefficient  based  on  reference 

length,  SPAN  (positive  when  tending  to  cause  a 
roll  to  the  right). 

C  yawing  moment  coefficient  based  on  reference 

length,  SPAN  (positive  when  tending  to  force  the 
nose  to  the  right). 

C^  axial  force  contribution  caused  by  skin  friction 

(not  used  in  Mark  III  Mod  0  version  of  program) 

Q/Q*  local  pressure  coefficient  correction  factor 
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Derivative  Data  In  Pitch,  (At  specified  angle  of  attack,  yaw  angle,  and 
pitch  rate). 


CA  A 

CA 

Aa 

derivative  of  axial  force  with  respect  to  angle 
of  attack  (per  degree). 

CL  A 

CL 

Of 

derivative  of  lift  coefficient  with  respect  to  angle 
of  attack  (per  degree). 

CN  A 

derivative  of  normal  force  coefficient  with  respect 
to  angle  of  attack  (per  degree). 

CM  A 

C 

ma 

derivative  of  pitching  moment  coefficient  with 
respect  to  angle  of  attack  (per  degree). 

CM  Q 

C 

m 

q 

pitching  moment  dynamic  stability  derivative  due 
to  pitching  velocity  (at  the  input  value  of  Q). 

8C 

r  m 

^m  ~  Q/q  MAC\ 

CA  Q 

% 

axial  force  derivative  due  to  pitching  velocity. 

CN  Q 

c\ 

normal  force  derivative  due  to  pitching  velocity. 

CMA  D 

Cm4 

dynamic  stability  in  pitch  due  to  vertical 
acceleration. 

8  C 

r  m 

Cm4  - 

Derivative  Data 

In  Yaw 

(At  specified  angle  of  attack,  sideslip  angle  and 
yaw  rate. ) 

CY  B 

c  Y 

P 

side  force  derivative  due  to  sideslip 
(per  degree). 

CLN  B 

C 

*P 

yawing  moment  derivative  du«.  -  o  sideslip 
angle. 

CLL  B 

C! 

b 

• 

rolling  moment  derivative  due  to  sideslip 
angle. 
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I 


I 


CY  R 

Cyr 

side  force  dynamic  stability  derivative  due  to 
yawing  velocity 

0CY 

CY  “  Jr  SPAN) 

r  T*Tv — 7 

CLN  R 

C 

n 

r 

yawing  moment  dynamic  derivative  due  to  yawing 
velocity 

8C 

•  a(^) 

CLL  R 

% 

rolling  moment  dynamic  derivative  due  to  yawing 
velocity 

8CI 

V8(zi™) 

CYB  D 

side  force  derivative  due  to  horizontal 
acceleration 

0C 

CY4  -  a(^MAC) 

I 

Control  Surface  Derivatives  (at  specified  control  surface  deflection) 

CM  D 

C 

m6 

pitching  moment  derivative  with  respect  to 
control  surface  deflection  per  degree.  Note 
that  control  surface  deflections  are  positive 
when  deflected  outward  into  the  flow. 

CLL  D 

rolling  moment  derivative  due  to  control  surface 
deflection. 

CY  D 

side  force  derivative  due  to  control  surface 
deflection. 

I 

I 

t 

t 

4 

f 
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CLN  D  C  yawing  movement  derivative  due  to  control 

nfi  surface  deflection 

CN  D  C,  normal  force  derivative  with  respect  to  control 

surface  deflection 


Control  Data 


IMPACT  .  impact  pressure  method 

ISHAD  shadow  region  pressure  method 


ETAC  t?c  Prandtl-Meyer  modification  factor  (see 

Newtonian  +  Prandtl-Meyer  pressure  method) 

ENPM  0/0_  ,  body  slope  modification  factor  (see  CC  31-35 

^  of  Flight  Attitude  Data  Card) 

IMPACI  leading  element  impact  pressure  method  for 

shock-expansion  calculations  (see  CC  49-50 
of  Flight  Attitude  Data  Card) 


ISHADI  leading  element  shadow  pressure  method  for 

shock-expansion  calculations  (see  CC  51-52 
of  Flight  Attitude  Data  Card) 


DELTA  E  6 
e 

Q  q 

R  r 


control  surface  deflection  (positive  when  deflected 
outward  into  the  flow) 

pitch  rate,  rad/sec. 

/ 

yaw  rate,  rad/sec. 


HM  L 


hinge  moment  in  foot  -  pounds  for  +  Y  (input 
side  of  vehicle 


HM  R 


hinge  moment  in  foot  -  pounds  for  -  Y  (reflected 
side  of  vehicle  if  vehicle  is  yawed  or  yawing) 


INPUT  SURFACE 
N 
M 
L 

X,  Y,  Z 
NX,  NY,  NZ 


ELEMENT  DATA 

element  column  number 
element  row  number 
element  number 

coordinates  of  input  surface  element  corner 
points  (given  clockwise  around  the  element; 

direction  cosines  of  outward  surface  normal 


13*8 


X  CENT  centroid  of  quadrilateral 

Y  CENT 
Z  CENT 

AREA  quadrilateral  surface  area 

DELTA  V  volume  contribution  of  element  when  projected 

on  to  the  X-Z  plane  (  =  NY  •  YCENT  •  AREA) 

VOLUME  summation  of  element  volume  contributions 

DETAILED  FORCE  CONTRIBUTIONS 


IDERIV 

input  derivative  flag 

L 

element  number 

DEL  CA 

aca 

axial  force  increment  for  element 

CA 

CA 

summation  of  axial  force  increments 

DEL  CY 

>< 

o 

< 

side  force  increment 

CY 

CY 

summation  of  side  force  increments 

DEL  CN 

iCN 

normal  force  increment 

CN 

CN 

summation  of  normal  force  increments 

DEL  CLL 

AC« 

rolling  moment  increment 

CLL 

C* 

summation  of  rolling  moment  increments 

DEL  CLM* 

AC 

m 

pitching  moment  increment 

CLM 

C 

m 

summation  of  pitching  moment  increments 

CLN 

C 

n 

summation  of  yawing  moment  increments 

CP 

C 

P 

element  pressure  coefficient 

DELTA 

6 

element  impact  angle,  degrees 

AREA 

element  area  (input  element  only) 
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SKIN  FRICTION  DATA 

SURF  NO. 

skin -friction  surface  number  (1  to  10) 

TYPE 

surface  type  (  =  0  flat  plate,  use  oblique -shock) 

(  =  1  use  tangent-cone  rather  than 
oblique -shock) 

METHOD 

compression  and  expansion  surface  pressure 
method  (see  page  68) 

S  WET 

wetted  area  of  skin-friction  surface  (note  that 
areas  input  or  calculated  with  values  less  than 

1.  0  will  print  as  0) 

LENGTH 

input  length  of  skin -friction  surface  -feet 

ALPHA  0 

input  longest  length  of  the  initial -surface  (Mode  1) 
input  surface  angle  (  aj)  for  Mode  2  operation 

WEDGE 

input  taper-ratio  of  the  initial -surface  (Mode  1) 
input  wedge  angle  (Qfw)  for  Mode  2  operation 

ANGLE(2) 

absolute  value  of  flow  turning  angle,  degrees 

RE  LOC 

Rex 

local  Reynolds  number 

CHI  BAR 

X 

hypersonic  interaction  parameter  based  on 
surface  conditions 

X  =  M *  yC/Rex 

V  BAR 

v. 

hypersonic  viscous  parameter  (includes  plan- 
form  effects) 

v„=  M./cTFe* 

CF 

CF 

final  average  skin-friction  coefficient  based  on 
free -stream  conditions  (includes  viscous - 
inviscid  interaction  in  laminar  results) 

CA 

cA 

skin-friction  contribution  to  axial  force  (only 
used  for  Mode  2  operation) 

CN 

CN 

skin-friction  contribution  to  normal  force 
(only  used  for  Mode  2  operation) 

SUM  CA 

ZCA 

summation  of  surface  axial  force  contributions 
(only  used  for  Mode  2  operation) 

SUM  CN 

ZCN 

summation  of  surface  normal  force  contribution 
(only  used  for  Mode  2  operation) 

TW 

TW 

surface  temperature,  °R 

TW/  T 

TW/T« 

wall  to  free-stream  temperature  ratio 

TW/TR 

tw/tr 

wall  to  recovery  temperature  ratio 

RE*/FT 

Reynolds  number  based  on  reference  conditions 
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SKIN  FRICTION  DATA  (Continued) 


CD 

C  F/ CFO 

MACH 

V 

V  SOUND 
P-PSF 
TEMP-R 
RHO*l  0**4 
VIS*1  0**  7 
RE/FT 

C  STAR 

C 

f 

V  STAR 

NW 

KT 

TWEQ 

CF1 

CF1  (RE1) 
ROMURA 

H*/H1 

HAW/HI 


drag  coefficient  contribution  (used  in  Mode  2  only) 

ratio  of  skin  friction  with  viscous -inviscid 
interaction  to  skin  friction  without  interaction 


M  Mach  number 

V  velocity,  feet/second 

speed  of  sound,  feet/second 
pressure,  lb  /ft2 
temperature,  °R 

A 

density  times  10 

7 

viscosity  times  1  0 

Reynolds  number  per  foot 

C"  Chapman-Rubesin  viscosity  coefficient 

evaluated  at  reference  conditions 

C*  =  (  P*  /  Koe)  (Tw/T*) 

C  Chapman-Rubesin  viscosity  coefficient 

evaluated  at  wall  conditions 

C  =  (  Kw/  M’ao )  ( T^  /  Tw) 

V*  hypersonic  viscous  parameter  evaluated  at 

reference  conditions 

=  M„  >/c*/Rex 

wall  temperature  and  skin-friction  calculation 
flag  (input  as  ISj  5  in  CC  7  on  Type  11  card) 

number  of  iterations  required  in  calculating 
the  equilibrium  wall  temperature  (if  =11  some¬ 
thing  is  wrong) 

T^y  equilibrium  (or  input)  wall  temperature,  °R 

Cf  local  skin-friction  coefficient  based  on  free- 

stream  conditions 

i/n 

Cf(Rex)  normalized  skin-friction  parameter  (for  laminar 
flow  N  =  2,  for  turbulent  flow  N  =  5 ) 


laminar  flow  -  ratio  of  reference  density-viscosity 
product  to  free -stream  density-viscosity 
product  (pV/p^J 

turbulent  flow  -  the  ratio  one  over  the 
compressibility  factor  (1.  0/FC) 

H'  /H^  ratio  of  reference  condition  enthalpy  to  free- 
stream  enthalpy 

HaW^oo  ratio  of  adiabatic  wall  enthalpy  to  free-stream 
enthalpy 
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SKIN  FRICTION  DATA  (Continued) 


ITW 

type  of  temperature  iteration,  =  1  for  ideal  gas, 
and  =  2  for  real  gas 

TCI 

first  value  of  temperature  at  which  convective 
heating  is  calculated,  °R 

TC2 

second  value  of  temperature  at  which  convective 
heating  is  calculated,  °R 

TR1 

first  value  of  temperature  at  which  radiation 
heating  is  calculated,  °R 

TR2 

second  value  of  temperature  at  which  radiation 
heating  is  calculated,  °R 

QC1 

convective  heating  rate  at  TCI,  (BTU/ft^sec) 

QC2 

convective  heating  rate  at  TC2,  (BTU/ft^sec) 

QR1 

radiation  heating  rate  at  TR1,  (BTU/ft^sec) 

QR2 

radiation  heating  rate  at  TR2,  (BTU/ft^sec) 
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SECTION  VI 


ERROR  MESSAGES 


Each  part  of  the  Hypersonic  Arbitrary-Body  Program  contains  special  check 
statements.  These  program  instructions  are  designed  to  detect  when  the 
program  will  get  into  computational  difficulty,  either  because  of  some  input 
data  error,  or  because  of  some  internal  program  difficulty  that  would  lead  to 
erroneous  data.  The  next  page  contains  a  list  of  the  program  error  notes 
that  are  printed  when  these  check  statements  are  encountered.  The  subroutine 
where  the  statement  is  printed  is  also  given. 

The  most  frequent  type  of  input  data  error  is  caused  by  a  failure  to  provide 
proper  data  card  order.  This  type  of  error  can  be  avoided  by  frequent 
reference  to  the  input  data  charts  provided  in  Appendix  C.  A  check  of  the 
input  data  by  using  a  machine  listing  of  all  the  input  cards  will  also  help 
prevent  card  type  errors. 

Input  data  card  order  errors  may  be  detected  in  two  different  places.  First, 
if  a  program  READ  statement  expects  only  numerical  data,  and  instead  gets 
.  alphabetic  information,  then  the  FORTRAN  system  will  stop  the  program. 

An  error  trace  will  be  printed  and  should,  with  the  use  of  a  program  listing, 
lead  the  user  to  that  part  in  the  program  where  the  error  occurred. 

Second,  if  the  FORTRAN  system  accepts  an  input  card  that  has  a  card  type 
number  not  expected  by  the  program,  then  the  program  itself  will  print  an 
error  note.  In  most  of  these  types  of  errorR  the  program  will  flush  the 
remainder  of  the  data  cards  until  it  finds  a  Type  99  phase  termination  card. 

The  program  will  print  an  appropriate  note  and  then  attempt  to  continue 
with  the  next  phase  of  the  problem. 
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PROP  RAM  ERROR  NOTES  5VBRWTINE 

A  MOM-FATAL  ERROR  OCCURRED  IN  PHASE  XX.  PROORAM  WILL  ATTEMPT  TO  MAIN 

CONTINUE  IV  SEARCH  I NO  FOR  NEXT  TYPE  •  99  CARD. 

#mi  MS  1C  INPUT  FLAP  ERRORS  -  SUBROUTINE  PLUNOE  (PART  AND  ICALC  ARE  PLUNOE 

xxxx  xxxx 

Mil  TO  ERR  IS  HUMAN 

*•*  CONGRATULATIONS  •  YOU  HAVE  HIT  THE  JACKPOT  WITH  AN  ERROR  INVOLVING  AERO 
EITHER  CARO  OROER  OR  CARD  TYPE  INDICATION*** 

THE  CARD  LOCATEO  JUST  IEFORE  THE  CARO  LISTED  BELOW  IS  IN  ERROR 

•**«OURING  SHOCK-EXPANSION  CALCULATIONS  PROGRAM  TRIED  TO  USE  WRONG  SHKEXP 

INITIAL  ELEMENT  METHOO— CHECK  INPUT**** 

ELEMENT  OATA  CONTROL  CARD  IS  NOT  PRESENT  OR  HAS  THE  WRONG  TYPE  SDATA 

NUMBER  •*••• 

•••*  ELLIPTICAL  INTEGRAL  ERROR.  T1  FROM  PLUNOE  IS  NOT  LESS  THAN  ONE  AND  PLUNOE 
GREATER  THAN  OR  EQUAL  TO  ZERO 

•••••  FIRST  PHASE  OPTION  IS  ZERO  •••••••••  FATAL  ERROR  ****  MAIN 

FOR  SOME  000  REASON*  TYPE  CARD  XX  DOES  NOT  HAVE  A  XX  IN  COLUMN  71-72.  PLOT 
BETTER  LUCK  NEXT  TIME. 

WRITTEN  BELOW  IS  THE  IMARE  OF  THE  CARD  FOLLOWING  THE  INCORRECT  ONE 

•••••  FORCE  ROUTINE  WILL  ATTEMPT  TO  FIND  THE  ARCCOSINE  OF  AN  ARGUMENT  FORCE 
WHOSE  ABSOLUTE  VALUE  IS  GREATER  THAN  ONE  *•••• 

•  •••  JOB  WILL  BE  TERMINATED  ••• 

•••*  INPUT  MACH  NUMBER  IS  NOT  SUPERSONIC.  SKIN  FRICTION  ANALYSIS  FOR  SKINFR 
THIS  POINT  IS  STOPPEO  •••• 

•••••  MASTER  CONTROL  CARO  HAD  TYPE  NOT  *  0  ******  MAIN 

NO  MORE  SC-%020  OATA  IS  PLOTTED  BECAUSE  OF  AN  ERROR  IN  YOUR  INPUT  CARDS  PICTUR 

•••••  NUMBER  OF  ALPHA-BETA  CONDITIONS  CANNOT  RE  GREATER  T*'AN  20.  JOB  AERO 

WILL  BE  ATTEMPTED  WITH  NAB  -  20  ••••• 

••••NUMBER  OF  INITIAL  ELEMENT  CANNOT  EXCEEO  100  FOR  SHOCK-EXPANSION  SHKEXP 

CALCULATIONS.  CHANGE  INPUT  DATA**** 

••••  NUMBER  OF  STREAMWISE  ELEMENTS  FOR  CONTROL  FORE-SURFACE  AND  FLAP  FLOSEP 

CANNOT  EXCEEO  125  •••• 

•••••  NUMBER  OF  STREAMWISE  STRIPS  ON  FORE-SURFACE  AND  FLAP  MUST  BF  THE  SDATA 
SAME.  CHANGE  GEOMETRY  DATA  ••••• 

•••*  ON  CONTROL  SURFACE,  ORIENTATION  WAS  INPUT  AS  -  0  PROGRAM  SDATA 

CONTINUED  WITH  ORIENTATION  SET  ■  1  •••• 

*****  PROGRAM  HAS  ATTEMPTED  TO  READ  A  ALPHA-BETA  COMBINATION  CARD  WITH  AERO 
THE  WRONG  TYPE  CODE***** 

•••••  PROGRAM  OPTION  IS  GREATER  THAN  t  ••••••••  FATAL  ERROR  ••••  MAIN 

•••ROLL  DERIVATIVE  PART  OF  PROGRAM  IS  NOT  OPERATIVE  AT  THE  PRESENT  TIME  AERO 

*•••  SUBROUTINE  PLI'KGE  SETS  ERROR  FLAG  PLUNGE  * 

••••  SUBROUTINE  PiUNGE  -  THE  FUG  I  TYPE  (WHICH  CONTROLS  EQUATION  USED  PLUNGE 
TO  CALCUUTE  KBW)  IS  INCORRECT  AND  -  XXXXX 

••*«•  SURFACE  OATA  ROUTINE  HAS  ATTEMPTED  TO  READ  A  NON-SURFACE  CARO  -  SOATA 
CHECK  YOUR  CAROS  ••••• 

•••THE  FOLLOWING  CARD  ON  TAPE  S  IS  IN  ERROR***  PICTUR 

•••••  TOTAL  NUMBER  OF  ELEMENTS  ON  CONTROL  SURFACE  CANNOT  EXCEED  300  •••  CONTRL 

•••••YOU  HAVE  MAOE  AN  ERROR  EITHER  IN  CARD  TYPE  INDICATION  OR  CARD  PICTUR 

OROER  -  CHECK  YOUR  CAROS***** 

THE  CARO  LOCATED  JUST  REFORE  THE  CARR  LISTFO  BELOW  IS  IN  ERROR 
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SECTION  VII 


PROGRAM  LIMITATIONS  AND  RESTRICTIONS 


The  degree  of  development  of  any  computer  program  depends  upon  a  number 
of  factors.  The  limitations  imposed  by  computer  size  and  speed,  the  time 
and  manpower  available  for  formulation  and  programming,  the  general 
state  of  the  art  in  the  technical  discipline  -  all  influence  to  a  large  extent 
the  capability  provided  in  the  final  program.  The  Hypersonic  Arbitrary- 
Body  Aerodynamic  Computer  Program  is  no  exception.  Also,  the  desire 
to  produce  a  workable  tool  within  a  reasonable  time  has  had  a  strong 
influence  on  both  the  theoretical  methods  used  and  on  the  programming 
approach  selected. 

The  various  limitations  and  restrictions  of  this  program  have  been  discussed 
in  the  various  sections  of  this  report  and  are  summarized  in  the  following 
discussions.  It  is  probable  that  future  versions  of  this  program,  both  by 
the  original  programmer  and  by  the  various  users,  will  remove  many  of 
these  conditions. 

1.  Three-Dimensional  Effects  -  The  geometry  techniques  in  this  program 
are  capable  of  describing  completely  arbitrary  three-dimensional  shapes. 
However,  the  state  of  the  art  in  force  calculation  methods,  both  inviscid 
and  viscous,  does  not  provide  this  freedom.  A  variety  of  force  methods 
have  been  provided  in  the  program  to  help  alleviate  this  problem.  How¬ 
ever,  all  of  these  methods  (except  the  shock-expansion  method)  depend 
only  on  the  local  slope  of  each  individual  element.  General  three- 
dimensional  effects  and  the  possible  interactions«of  the  various  vehicle 
components  are  not  accounted  for  by  this  program.  Specific  configura¬ 
tions  where  these  effects  become  important  include  those  vehicles 
especially  designed  to  utilize  interference  effects,  and  multi- surfaced 
configurations  where  interacting  flow  fields  are  important.  For  these 
types  of  problems  the  user  must  rely  on  specialized  techniques  and 
programs  designed  specifically  for  the  configurations  involved. 

2.  Control  Surface  Effects  -  The  control  surface  techniques  used  in  this 
program  are  based  on  empirical  separation  correlations  currently 
available.  However,  the  general  difficulty  of  this  problem  as  evident 
in  the  large  amount  of  scatter  in  the  test  data  available  and  by  the 
variety  of  answers  given  by  the  various  theoretical  techniques  should 
give  some  forewarning  as  to  the  reduced  accuracy  of  the  results  to  be 
expected.  The  empirical  correlations  used  in  the  program  are  based 
on  data  obtained  on  flat  plate  surfaces.  While  the  program  will  con¬ 
tinue  to  produce  answers  for  conditions  where  the  control  surfaces 
are  curved,  the  user  should  recognize  that  the  limits  of  the  method 
are  being  exceeded.  It  is  felt,  however,  that  the  results  obtained 
will  more  closely  approximate  the  correct  answers  then  if  no  attempt 
at  all  is  made  to  include  the  separation  effects. 
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PROORAM  ERROR  NOTES  SUBROUTINE 

A  NON-FATAL  ERROR  OCCURRED  IN  PHASE  XX.  PROA RAM  WILL  ATTEMPT  TO  MAIN 

CONTINUE  BY  SEARCHINQ  FOR  NEXT  TYPE  •  SB  CARO. 

••••  BASIC  INPUT  FLAA  ERRORS  •  SUBROUTINE  PLUNflE  IPART  AND  ICALC  ARE  PLUNOE 

xxxx  xxxx 

**••  TO  ERR  IS  HUMAN 

••*  CONQ RATULAT I ONS  •  YOU  HAVE  HIT  THE  JACKPOT  WITH  AN  ERROR  INVOLVING  AERO 
EITHER  CARO  ORDER  OR  CARO  TYPE  INDICATION*** 

THE  CARO  LOCATED  JUST  BEFORE  THE  CARO  LISTED  BELOW  IS  IN  ERROR 

•***OURINO  SHOCK-EXPANSION  CALCULATIONS  PROGRAM  TRIED  TO  USE  WRONG  SHKEXP 

INITIAL  ELEMENT  METHOO— CHECK  INPUT**** 

•••••  CLEMENT  DATA  CONTROL  CARD  IS  NOT  PRESENT  OR  HAS  THE  WRONG  TYPE  SOATA 

NUMBER  ••••• 

••••  ELLIPTICAL  INTEGRAL  ERROR.  T1  FROM  PLUNGE  IS  NOT  LESS  THAN  ONE  AND  PLUNGE 
GREATER  THAN  OR  EQUAL  TO  ZERO 

•••••  FIRST  PHASE  OPTION  IS  ZERO  ••••«••••  FATAL  ERROR  •*•*  MAIN 

FOR  SOME  OOO  REASON.  TYPE  CARD  XX  DOES  NOT  HAVE  A  XX  IN  COLUMN  71-72.  PLOT 
BETTER  LUCK  NEXT  TIME. 

WRITTEN  BELOW  IS  THE  IMAGE  OF  THE  CARD  FOLLOWING  THE  INCORRECT  ONF 

•••••  FORCE  ROUTINE  WILL  ATTEMPT  TO  FIND  THE  ARCCOSINE  OF  AN  ARGUMENT  FORCE 
WHOSE  ABSOLUTE  VALUE  IS  GREATER  THAN  ONE  ••*•• 

•*•  JOB  WILL  BE  TERMINATED  ••• 

••••  INPUT  MACH  NUMBER  IS  NOT  SUPERSONIC.  SKIN  FRICTION  ANALYSIS  FOR  SKINFR 
THIS  POINT  IS  STOPPED  •••• 

•••••  MASTER  CONTROL  CARO  HAD  TYPE  NOT  •  0  *•••••  MAIN 

NO  MORE  SC-A020  DATA  IS  PLOTTED  BECAUSE  OF  AN  ERROR  IN  YOUR  INPUT  CARDS  PICTUR 

•••••  NUMBER  OF  ALPHA-BETA  CCNOITIONS  CANNOT  RE  GREATER  THAN  20.  JOB  AERO 

WILL  BE  ATTEMPTED  WITH  NAB  -  20  ••••• 

••••NUMBER  OF  INITIAL  ELEMENT  CANNOT  EXCEED  100  FOR  SHOCK-EXPANSION  SHKEXP 

CALCULATIONS.  CHANGE  INPUT  DATA**** 

••••  NUMBER  OF  STREAMWISE  ELEMENTS  FOR  CONTROL  FORE-SURFACE  AND  FLAP  FLOSEP 
CANNOT  EXCEED  12S  •••• 

•••••  NUMBER  OF  STREAMWISE  STRIPS  ON  FORE-SURFACE  AND  FLAP  MUST  BF  THF  SOATA 
SAME.  CHANGE  GEOMETRY  DATA  ••••• 

••••  ON  CONTROL  SURFACE,  ORIENTATION  WAS  INPUT  AS  •  0  PROGRAM  SOATA 

CONTINUED  WITH  ORIENTATION  SET  -  1  •••• 

•••••  PROGRAM  HAS  ATTEMPTED  TO  READ  A  ALPHA-BETA  COMBINATION  CARO  WITH  AERO 
THE  WRONG  TYPE  CODE***** 

•••••  PROGRAM  OPTION  IS  GREATER  THAN  A  ••••••••  FATAL  ERROR  ••••  MAIN 

•••ROLL  DERIVATIVE  PART  OF  PROGRAM  IS  NOT  OPERATIVE  AT  THE  PRESENT  TIME  AERO 

••••  SUBROUTINE  PLUNGE  SETS  ERROR  FLAG  PLUNGE  ‘ 

••••  SUBROUTINE  PLUNGE  •  THE  FLAG  I  TYPE  (WHICH  CONTROLS  EQUATION  USED  PLUNGE 
TO  CALCULATE  KBW)  IS  INCORRECT  AND  -  XXXXX 

*****  SURFACE  DATA  ROUTINE  HAS  ATTEMPTED  TO  REAR  A  NON-SURFACE  CARD  -  SOATA 
CHECK  YOUR  CAROS  *•••• 

•••THE  FOLLOWING  CARD  ON  TAPE  S  IS  IN  ERROR***  PICTUR 

•••••  TOTAL  NUMBER  OF  ELEMENTS  ON  CONTROL  SURFACE  CANNOT  EXCEED  300  •••  CONTRL 

•••••YOU  HAVE  MAOE  AN  ERROR  EITHER  IN  CARD  TYPE  INDICATION  OR  CARD  PICTUR 

ORDER  -  CHECK  YOUR  CARDS***** 

THE  CARO  LCCATED  JUST  BEFORE  THE  CARR  LISTFO  BELOW  IS  IN  ERROR 
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SECTION  VII 

PROGRAM  LIMITATIONS  AND  RESTRICTIONS 


The  degree  of  development  of  any  computer  program  depends  upon  a  number 
of  factors.  The  limitations  imposed  by  computer  size  and  speed,  the  time 
and  manpower  available  for  formulation  and  programming,  the  general 
state  of  the  art  in  the  technical  discipline  -  all  influence  to  a  large  extent 
the  capability  provided  in  the  final  program.  The  Hypersonic  Arbitrary- 
Body  Aerodynamic  Computer  Program  is  no  exception.  Also,  the  desire 
to  produce  a  workable  tool  within  a  reasonable  time  has  had  a  strong 
influence  on  both  the  theoretical  methods  used  and  on  the  programming 
approach  selected. 

The  various  limitations  and  restrictions  of  this  program  have  been  discussed 
in  the  various  sections  of  this  report  and  are  summarized  in  the  following 
discussions.  It  is  probable  that  future  versions  of  this  program,  both  by 
the  original  programmer  and  by  the  various  users,  will  remove  many  of 
these  conditions. 

1,  Three-Dimensional  Effects  -  The  geometry  techniques  in  this  program 
are  capable  of  describing  completely  arbitrary  three-dimensional  shapes. 
However,  the  state  of  the  art  in  force  calculation  methods,  both  inviscid 
and  viscous,  does  not  provide  this  freedom.  A  variety  of  force  methods 
have  been  provided  in  the  program  to  help  alleviate  this  problem.  How¬ 
ever,  all  of  these  methods  (except  the  shock-expansion  method)  depend 
only  on  the  local  slope  of  each  individual  element.  General  three- 
dimensional  effects  and  the  possible  interactions^  the  various  vehicle 
components  are  not  accounted  for  by  this  program.  Specific  configura¬ 
tions  where  these  effects  become  important  include  those  vehicles 
especially  designed  to  utilize  interference  effects,  and  multi- surfaced 
configurations  where  interacting  flow  fields  are  important.  For  these 
types  of  problems  the  user  must  rely  on  specialized  techniques  and 
programs  designed  specifically  for  the  configurations  involved. 

2.  Control  Surface  Effects  -  The  control  surface  techniques  used  in  this 
program  are  based  on  empirical  separation  correlations  currently 
available.  However,  the  general  difficulty  of  this  problem  as  evident 
in  the  large  amount  of  scatter  in  the  test  data  available  and  by  the 
variety  of  answers  given  by  the  various  theoretical  techniques  should 
give  some  forewarning  as  to  the  reduced  accuracy  of  the  results  to  be 
expected.  The  empirical  correlations  used  in  the  program  are  based 
on  data  obtained  on  flat  plate  surfaces.  While  the  program  will  con¬ 
tinue  to  produce  answers  for  conditions  where  the  control  surfaces 
are  curved,  the  user  should  recognize  that  the  limits  of  the  method 
are  being  exceeded.  It  is  felt,  however,  that  the  results  obtained 
will  more  closely  approximate  the  correct  answers  then  if  no  attempt 
at  all  is  made  to  include  the  separation  effects. 
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3.  Real  Gas  Effects  -  Except  for  the  capability  of  using  different  values 

of  the  modified  Newtonian  factor,  K,  the  present  version  of  the  program 
does  not  contain  any  methods  where  real  gas  effects  are  accounted  for. 
Those  computations  in  the  program  requiring  oblique  shock  or  Prandtl- 
Meyer  results  assume  a  perfect  gas  with  V  =  1.4. 

4.  Viscous  Separation  -  Except  for  control  surface  components  the  program 
contains  no  techniques  for  accounting  for  the  effects  of  viscous  separation 
on  surface  pressures.  This  must  be  accomplished  by  the  proper  selection 
of  the  pressure  calculation  methods  by  the  user  so  that  anv  known  separa¬ 
tion  effects  are  simulated. 

5.  Viscous  Cross-Flow  Effects  -  The  program  does  not  account  tor  viscous 
cross-flow  effects.  These  effects  must  be  calculated  external  to  the 
program  and  added  to  the  other  program-produced  results  by  the  use 

of  the  Coefficient  Increment  Data  cards. 

6.  Vortex  Effects  -  The  program  makes  no  attempt  to  calculate  the  effects 
of  complex  vortex  flow  fields  that  may  be  present  on  some  configurations. 
The  effects  of  shed  vortex  patterns  on  downstream  components  is  also 
neglected. 

7.  Mach  Number  Limitations  -  The  program  contains  no  inherent  Mach 
number  limitations  (except  that  it  must  be  greater  than  one).  However, 
as  has  been  discussed  in  other  sections  of  this  report,  each  of  the 
various  force  calculation  methods  has  its  own  limitations  as  to  range 
of  applicability  with  respect  to  Mach  number  and  vehicle  shape. 

8.  Propulsion  System  Effects  -  The  effect  of  such  items  as  flow  separation 
and  pressure  changes  caused  by  engine  inlet  and  exhaust  flow  are  not 
included  in  this  program. 

9.  Boundary  Layer  Transition  -  The  program  does  not  determine  when  the 
flow  is  laminar  or  turbulent.  The  user  must  make  this  selection  him¬ 
self  and  input  the  appropriate  flag  to  the  program  when  required. 
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APPENDIX  A 


FORCE  CALCULATION  METHODS 


An  important  feature  of  the  Hypersonic  Arbitrary- Body  Program  is  the 
number  and  variety  of  force  calculation  methods  available  to  the  user.  The 
significance  of  this  capability  can  be  felt  in  two  ways.  First,  a  proper 
choice  of  the  method  to  be  used  on  each  component  of  a  vehicle  will  give 
reliably  accurate  aerodynamic  characteristics.  Second,  when  the  choice 
of  methods  is  not  clear  several  methods  may  be  tried,  the  results  compared, 
and  a  logical  interpolation  of  the  data  used.  The  analysis  of  arbitrary 
complex  shapes  poses  a  difficult  problem  for  the  aerodynamicist  as  he  must 
decide  for  a  particular  shape,  Mach  number,  angle  of  attack  range,  and 
altitude,  which  pressure  calculation  method  will  give  the  most  correct 
results.  No  computer  program  will  be  able  to  relieve  the  aerodynamicist 
of  this  task.  Thus  the  quality  of  answers  which  can  be  obtained  is  related 
to  the  personal  background  and  experience  of  the  program  user  in  the 
area  of  hypersonic  aerodynamics.  Of  course,  if  the  program  does  not 
contain  a  pressure  method  suitable  for  a  given  problem,  the  user  must 
attempt  to  devise  on  and  add  it  to  the  program. 

This  Appendix  presents  a  brief  comparison  of  the  various  pressure 
calculation  methods  provided  in  this  program.  To  assist  the  less  experienced 
user  a  brief  discussion  is  also  presented  of  the  more  important  pressure 
methods  and  of  the  key  factors  involved  in  selecting  a  method  for  a  particular 
application. 

COMPARISON  OF  METHODS 

Presented  in  this  section  is  a  comparison  of  the  force  calculation  methods 
available  within  the  program.  The  comparison  has  been  divided  into  three 
groups:  (1)  analysis  techniques  generally  used  for  pointed  slender  config¬ 
urations,  (2)  analysis  methods  for  blunt  shapes,  and  (3)  force  predictions 
in  the  free  molecular  regime. 

Figures  A-l  and  A-2  present  the  pressure  coefficient  variation  with  impact 
angle  for  analysis  techniques  generally  used  on  pointed  slender  components. 
Also  presented  for  comparison  purposes  is  the  modified  Newtonian  theory 
with  K  =  2.  4.  This  is  the  limiting  value  for  wedge  type  flow  as  proposed  by 
Lees  in  Reference  4.  Figures  A- 3  to  A-6  present  the  same  data  over  a 
smaller  impact-angle  range.  At  M  =  20  the  modified  Newtonian  and  the 
tangent-wedge  empirical  methods  compare  favorably  with  the  "exact"  oblique- 
shock  calculations  for  impact  angles  from  0  co  over  30*. 

Figures  A-7  and  A-8  present  a  comparison  of  various  techniques  for  both 
pointed  and  blunt  configurations  in  expansion  flow.  It  should  be  noted  that 
the  Van  Dyke  Unified  method  for  expansion  flow  has  been  modified  such  that 
if  a  pressure  coefficient  of  less  than  -1/M^  is  calculated  fo.r  a  given  expan¬ 
sion  angle  the  pressure  coefficient  is  set  equal  to  -l/M^.  This  limiting 
value  of  pressure  coefficient  has  been  derived  from  analysis  of  experimental 
data  (see  References  5  and  6). 
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Blunt-body  pressure-coefficient  calculations  are  compared  in  Figures  A-9  to 
A- 12,  The  pressure-coefficient  variation  with  impact  angle  is  plotted  in  the 
form  Cp/CpSTAG  as  suggested  by  Lees  in  Reference  4.  The  calculations 

for  Newtonian  Prandtl-Meyer  and  OSU  empirical  techniques  utilized  stagna¬ 
tion  conditions  behind  a  normal  shock  in  an  ideal  gas. 

Comparison  of  Free  Molecular  Flow  calculations  by  the  program  and  data 
presented  in  Reference  7  are  shown  in  Figures  A- 13  through  A- 16.  Flat- 
plate  lift  and  drag  coefficients  are  compared  in  Figure  A- 13,  assuming 
specular  reflection.  Figures  A- 14  and  A- 15  present  the  lift  and  drag  of  a 
flat  plate  for  the  more  realistic  diffuse-reflection  assumption.  Finally,  the 
drag  coefficient  for  a  sphere  with  both  specular  and  diffuse  reflection 
assumptions  is  shown  in  Figure  A- 16. 
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Figure  A-l.  Comparison  of  Pressure  Prediction  Methods  for  Sharp  Bodies  in  Compression 
Type  Flow 
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Figure  A-2.  Comparison  of  Pressure  Prediction  Methods  for  Sharp  Bodies  in  Compression 
Type  Flow 
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Figure  A- 3. 


Comparison  of  Pressure  Prediction  Methods  for  Sharp 
Bodies  in  Compression  Type  Flow 
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Figure  A-5. 


Comparison  of  Pressure  Prediction  Methods  for  Sharp 
Bodies  in  Compression  Type  Flow 
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Figure  A-7.  Comparison  of  Pressure  Prediction  Techniques  for 
Expansion  Type  Flow 
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&  .gure  A-8.  Comparison  of  Pressure  Prediction  Techniques  in 
Expansion  Type  Flow 
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Figure  A-9.  Comparison  of  Blunt  Body  Pressure  Estimation 
Techniques 


I 


} 


I 

I 


A-  1 1 


Figure  A- 11.  Comparison  of  Blunt  Body  Pressure  Estimation 
Techniques  ' 
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Figure  A- 13.  Comparison  of  Free  Molecular  Flow  Lift  and  Drag 
for  a  Flat  Platt  with  Specular  Reflection 
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Figure  A- 15.  Comparison  of  Free  Molecular  Drag  on  a  Flat  Plate 


with  Diffuse  Reflection 


DISCUSSION  OF  PRESSURE  METHODS 


A  brief  review  of  the  important  features  of  some  of  the  pressure  calculation 
methods  in  the  program  is  presented  in  the  following  discussions. 

MODIFIED  NEWTONIAN 

Modified  Newtonian  is  one  f  the  most  extensively  used  methods  in 
hypersonic  flow  analysis.  Its  great  utility  lies  in  its  ability  to  give  reasonable 
answers  for  a  great  number  of  shapes  with  a  very  simple  calculation  tech¬ 
nique.  The  capabilities  derived  from  the  ability  to  use  variable  K  as  a 
function  of  angle  of  attack  is  shown  in  Figure  A-  17.  As  shown  in  this  figure 
the  Modified  Newtonian  form  permits  application  of  tangent  wedgfe  (or 
tangent  cone),  an  empirically  defined  equation  for  a  given  shape,  or  an 
effective  K  for  a  complete  configuration  at  a  given  Mach  number.  Also 
the  effect  of  a  real  gas  may  be  introduced  by  variation  of  K  for  very  blunt 
bodies.  In  general  the  use  of  modified  Newtonian  theory  may  be  divided  into 
two  groups  for  discussion  purposes,  (1)  aerodynamically  blunt  configurations 
and,  (2)  aerodynamically  sharp  configurations.  By  aerodynamically  blunt 
configurations  it  is  meant  that,  although  the  leading  edge  may  be  sharp  and 
pointed,  the  impact  angle  of  the  nose  is  greater  than  that  for  shock  detach¬ 
ment.  In  true  Newtonian  flow  (M  =  ®,  V  =  1)  the  variable  K  becomes  2. 

Modified  Newtonian  (K  other  than  2)  techniques  have  been  shown  to  jive 
reasonable  results  for  a  number  of  blunt  bodies.  The  most  commonly 
used  form  of  modified  Newtonian  is  to  input  for  K  the  Cp  stagnation 

derived  from  normal  shock  relations  into  the  equation  below. 

C  =  K  sin2* 

P 


The  effects  of  a  real  gas  may  also  be  approximated  in  this  manner.  The 
comparison  of  Newtonian  and  experimental  data  is  presented  in  References  13 
to  15  for  blunt  body  shapes.  In  general,  modified  Newtonian  (C|  TAQ  =  K) 


agrees  with  data  for  spheres  if  the  Mach  number  is  greater  than  3.  The 
pressure  distribution  on  cylinders  is  not  as  good  as  on  spheres.  However,  for 
impact  angles  of  90  degrees  to  approximately  60  degrees  the  agreement  is 
reasonable  but  deteriorates  as  zero  impact  angle  is  reached.  Nevertheless,  for 
preliminary  calculations  the  induced  error  in  and  may  be  acceptable. 


Examples  of  the  comparison  of  modified  Newtonian  and  experiment  for  spheres 
and  cylinders  are  shown  inFigure  A-18.  For  curved,  shockdetached  bodies  with 
sharp  leading  edges  of  either  two  or  three-dimensional  shape, References  16 

and  17  show  that  Cp  =  K  sin26  should  be  modified  to  the  form 


max 


,  8ift2  $ , 

•  Zx 

sin  6  max 


which  is  sometimes  called  the  generalized  Newtonian  theory.  Comparison 
with  other  bodies  is  shown  in  Reference  8. 
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Figure  A*  18.  Comparison  of  Experimental  Pressures  and  Modified 
Newtonian  Theory  for  Spheres  and  Cylinders 
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Many  approximations  exist  for  sharp  pointed  bodies. 
A- 16  include  one  form  for  the  sharp  wedge  developed 
for  large  Mach  numbers. 


Figures  A- 13  through 
by  Lees  in  Reference  4 


K  =  (7+  1) 


Also  shown  is  the  limiting  form  of  the  cone 


K  = 

(7+  3)2 


For  large  Mach  numbers  true  Newtonian  theory,  therefore,  closely  approxi¬ 
mates  the  limiting  case  for  a  cone  rather  than  a  wedge. 

The  main  disadvantage  of  Newtonian  theory  is  its  inability  to  predict  the 
flow  field,  and  for  some  shapes,  this  effect  can  lead  to  predicted  values 
which  may  be  in  serious  disagreement  with  theory.  Seiff  in  References  9 
and  10  presents  examples  of  these  shapes  and  a  method  for  obtaining  more 
realistic  results  from  a  Newtonian  flow  concept. 


MODIFIED  NEWTONIAN  +  PRANDTL -MEYER 

One  of  the  several  procedures  for  analyzing  pressures  on  blunt  leading 
edges  is  the  Newtonian  approximation.  However,  the  Newtonian  Calcula¬ 
tions  decrease  in  accuracy  downstream  of  the  stagnation  point  where  the 
impact  angle  approaches  zero.  The  Modified  Newtonian  +  Prandtl-Meyer 
calculation  method  improves  the  accuracy  in  the  region  of  small  impact 
angles.  This  method  is  fully  described  in  Reference  11.  The  method 
provided  in  the  Mark  II  program  does  not  include  real  gas  effects.  It 
should  be  noted  that  for  some  flight  conditions  the  effective  value  of  7 may 
change  significantly  across  the  normal  shock,  for  equilibrium  flow  of  a 
real  gas.  In  using  this  method  a  free  stream  Mach  number  greater  than 
about  3  is  required  because  of  the  matching  techniques  used  for  the  pres¬ 
sure  slopes.  If  this  method  is  utilized  for  relatively  sharp  corners  in 
supersonic  flow  the  methods  described  above  do  not  allow  for  the  recom¬ 
pression  that  occurs  further  downstream.  Also,  incorrect  pressures 
would  be  calculated  if  the  slope  approaches  zero  a  large  distance  from 
the  blunt  nose  since  the  effect  of  the  reflected  expansion  waves  is 
neglected.  Sweep  effects  are  not  calculated  using  this  method  at  the 
present  time  (i.  e. ,  the  parameter  P  is  calculated  using  the  freestream 
Mach  number).  Thus  the  modified  Newtonian  +  Prandtl-Meyer  force 
method  should  be  used  only  in  the  region  of  the  nose  of  a  blunt  body. 

TANGENT  WEDGE  (Oblique  Shock) 

This  force  method  utilizes  the  equations  of  NACA  TR-1135  (Reference  12) 
to  calculate  the  oblique  shock  pressure  and  flow  parameters.  When  the 
impact  force  method  is  3  in  the  Arbitrary-Body  Program  the  tangent -wedge 
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approximation  is  applied  by  using  the  oblique  shock  relationships  at  the 
local  element  impact  angle  and  free  stream  Mach  numbers.  The  shock- 
expansion  method  is  another  mode  of  operation  that  uses  the  oblique  shock 
relationships. 

The  tangent  wedge  (oblique  shock)  method  provided  in  the  program  is  used 
right  up  to  the  wedge  shock  detachment  angle.  At  higher  local  impact 
angles  the  program  automatically  switches  to  the  Newtonian  +  Prandtl- 
Meyer  method.  This  will  give  a  discontinuity  in  pressure  coefficient  as  the 
shock  detachment  point  is  passed.  This  problem  can  be  avoided  by  the  use 
of  empirical  tangent -wedge  relationships. 

As  this  tangent  wedge  method  is  empirical  in  nature,  the  accuracy  for 
pressure  calculation  is  configuration  dependent.  Basically,  the  tangent 
wedge  approximation  depends  on  the  very  thin  shock  layer  frequently 
present  at  hypersonic  speeds.  That  is,  since  the  shock  layer  is  thin  and 
close  to  the  body  there  is  little  change  in  the  flow  inclination  or  the  pres¬ 
sure  as  one  proceeds  outward  from  the  surface  toward  the  shock.  Thus  the 
values  at  the  surface  are  assumed  to  be  those  immediately  behind  the  shock. 
The  shock  angle  and  related  flow  parameters  are  determined  by  the 
application  of  the  oblique  shock  method  to  a  wedge  whose  half  angle  equals 
the  local  impact  angle  of  the  body  with  respect  to  the  free  stream  velocity 
vector. 

In  order  to  apply  the  tangent  wedge  approximation  with  some  degree  of 
confidence  the  following  criteria  should  hold:  (i)  the  body  shape  immediately 
upstream  of  the  point  of  interest  must  not  be  blunt,  (ii)  the  density 
ratio  across  the  shock  should  be  small,  and(iii)the  body  curvature  should 
be  small,  such  that  centrifugal  pressure  effects  are  negligible.  These 
centrifugal  force  effects  give  rise  to  a  pressure  gradient  across  the  shock 
layer.  Also,  these  pressure  gradients  cause  the  streamlines  to  change 
shape  and  give  a  gradient  in  inclination  angle  across  the  shock  layer. 


TANGENT  WEDGE  EMPIRICAL 

Comparison  of  the  tangent  wedge  empirical  method  and  oblique  shock  relation 
ship  is  shown  in  Figures  A-l  and  A-2,  and  again  in  Figures  A-3  through  A-6. 
See  TANGENT  WEDGE  (Oblique  Shock)  discussion  for  application  criteria. 


TANGENT  CONE  EMPIRICAL 

One  of  the  most  versatile  force  calculation  methods  is  the  tangent  cone 
empirical  technique.  The  calculation  of  cones  under  various  conditions  of 
pitch  and  yaw  are  an  obvious  application.  Another  application  is  the  highly 
swept  delta  wing.  For  leading  edge  sweep  angles  greater  than  80  degrees 
and  hypersonic  Mach  numbers  above  10,  the  tangent  cone  pressures  agree 
reasonably  well  for  the  lower  surface  pressure  coefficients  for  impact 
angles  greater  than  10  degrees.  A  comparison  of  tangent  wedge  and  tangent 
cone  calculations  for  delta  wings  of  various  leading  edge  sweeps  is  presented 
in  Figure  A- 19.  The  experimental  data  presented  are  from  Reference  13. 
These  data  were  obtained  with  helium  as  a  test  gas  and  a  test  Mach  number 
of  20.  3.  The  sharp  leading  edge  and  the  t/L  =  .  01  data  are  presented  with 


a 


i 


) 


Figure  A- 19. 


Comparison  of  Oblique  Shock  and  Tangent  Cone  Theories 
with  Experimental  Data  for  Highly  Swept  Delta  Wings 
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the  sharp  leading  edge  data  flagged.  Oblique  shock  characteristics  and 
tangent  cone  characteristics  were  calculated  by  the  curves  of  Reference  14 
for  helium.  The  tangent  cone  approximation  agrees  well  with  the  85°  sweep 
data  at  low  angles,  and  with  the  80°  sweep  at  the  higher  angles  of  attack. 

On  the  other  hand,  the  oblique  shock  tangent  wedge  calculations  agree*  over 
most  of  the  angle  of  attack  range  with  the  70°  sweep  case.  From  the  data 
presented  for  angles  of  attack  greater  than  10  degrees  the  tangent  cone 
empirical  method  would  give  reasonable  values  for  am  80  degree  swept 
delta  wing.  Also  shown  for  comparison  purposes  is  the  modified 
Newtonian  estimate  with  K  =  y  +  1  (also  see  shock-expansion  method 
discussion). 


OSU  BLUNT  BODY  EMPIRICAL 

This  blunt  body  empirical  method  is  used  to  predict  the  pressure  distribu¬ 
tion  about  cylindrical,  surfaces  in  hypersonic  flow.  The  empirical  equation 
was  derived  in  Reference  15  and  matched  the  test  data  on  cylinders  within 
2.  5  percent.  The  method  as  used  in  the  Mark  II  program  is  not  applicable 
to  the  calculation  of  the  pressure  distribution  for  swept  cylinder  due  to  the 
relationship  between  i  and  9  for  a  swept  leading  edge,  and  the  inability  to 
calculate  the  total  pressure  immediately  behind  the  normal  shock  along  the 
swept  leading  edge  stagnation  point.  Comparison  of  experimental  and 
theoretical  methods  is  presented  in  References  15  and  16. 


.  VAN  DYKE  UNIFIED  METHOD 

In  general  this  method  is  used  for  small  deflection  amgles.  Comparisons  of 
the\Van  Dyke  Unified  method  and  oblique -shock  and  other  methods  may  be 
obtained  from  Figures  A-l  through  A-6. 

DAHLEM-BUCK  EMPIRICAL 

This  method  uses  an  empirical  relationship  that  approximates  tangent-cone 
pressures  at  low  impact  angles  and  approaches  Newtonian  values  at  the 
high  impact  angles.  This  method  is  particularly  useful  for  highly  swept 
shapes  when  it  is  desired  to  use  one  pressure  method  over  the  entire  surface 
of  the  vehicle.  The  comparison  of  the  Dahlem-Buck  method  and  other 
techniques  is  shown  in  Figures  A-l  through  A-8. 

SHOCK  EXPANSION  METHOD  (Strip  Theory) 

The  shock  expansion  method  (which  in  its  simplest  form  was  first  suggested 
byEpstein  inReference  17)  considers  only  the  first  family  of  characteristics 
for  calculation  of  the  surface  pressures.  The  method  uses  the  oblique 
shock  relationships  at  the  nose  (an  attached  shock  is  required)  and  then 
proceeds  aft  on  the  vehicle  with  either  a  Prandtl -Meyer  expansion  or  another 
oblique  shock.  Three  methods  are  available  for  the  calculation  of  leading 
edge  flow  properties.  These  methods  are:(l)  tangent  vedge  (oblique  shock) 
relationships,  (2)  the  tangent  cone  empirical  technique  and  (3)  the  delta 
wing  empirical  method  discussed  later  in  this  section.  With  these  three 
methods  a  wide  range  of  aerodynamic  shapes  may  be  evaluated. 
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Numerous  reports  show  that,  for  angles  of  attack  up  to  shock  detachment, 
the  application  of  the  shock  expansion  method  (with  oblique  shock  used  for 
the  calculation  of  the  leading  edge  properties)  gives  good  agreement  with 
the  aerodynamic  characteristics  of  highly  swept  or  delta  wings  in  hypersonic 
flight.  However,  for  large  sweep  angles  or  low  hypersonic  Mach  numbers 
the  angle  of  attack  for  leading  edge  detachment  becomes  very  small  (when 
considered  normal  to  the  leading  edge)  and  the  range  of  application  is  con¬ 
siderably  reduced  (see  Reference  18).  Under  the  detached  leading  edge 
condition  tangent -cone  shock-expansion  gives  reasonable  results  for  highly 
swept  wings  (i.  e.  ,  80°)  over  moderate  angle  of  attack  range.  As 

shown  previously  in  Figure  A- 19,  there  is  an  effect  of  sweep  at  these  high 
Mach  numbers  such  that  past  shock  detachment  empirical  techniques  would 
have  to  be  utilized  to  cover  the  complete  range  of  sweep  angles. 

An  example  of  the  use  of  shock  expansion  method  to  calculate  the  surface 
pressure  distribution  on  a  two-dimensional  airfoil  is  presented  in  Reference 
19.  The  shock  expansion  method  is  compared  with  characteristics  solution 
at  M  =o  and  Y  =  1.  4  in  Figure  A- 20.  For  all  Mach  numbers  up  to  7.  5  it 
was  found  that  the  results  obtained  by  the  shock-expansion  method  were 
indistinguishable  from  the  characteristics  calculations.  For  higher  Mach 
numbers  a  slightly  lower  pressure  was  predicted  by  the  shock- expansion 
procedure.  Naturally,  any  three-dimensional  effects  will  tend  to  reduce 
the  two-dimensional  characteristics  predicted  by  the  shock- expansion 
method.  However,  due  to  the  large  Mach  number,  the  possible  regions 
of  influence  at  the  tips  are  small  for  moderate  deflections. 

Application  of  the  generalized  shock-expansion  method  to  bodies  of  revolution 
is  discussed  in  Reference  20  .  In  this  mode  the  leading  edge  properties 
are  calculated  by  a  tangent-cone  and  then  the  surface  properties  aft  of  the 
leading  edge  are  calculated  by  a  Prandtl-Meyer  expansion.  In  general,  the 
application  of  a  two-dimensional  calculation  technique  to  three-dimensional 
bodies  is  possible  when  the  divergence  of  streamlines  in  planes  tangent  to 
the  surface  can  be  considered  negligible  compared  to  those  associated  with 
the  curvature  of  streamlines  in  planes  normal  to  the  surface.  For  the  case 
of  non-inclined  bodies  of  i  evolution  which  are  curved  in  the  streamwise 
direction,  this  requirement  is  satisfied  when  the  hypersonic  similarity 
parameter  K  _  ^  d  is  greater  than  one.  For  the  more  general  lifting 

case  an  additional  constraint  of  «/*  .  .  =1  is  introduced.  Reference 

semi  vertex 

20  notes  that  good  correlation  of  pressure  was  obtained  when  */*  =1/2  and 
fair  agreement  at  •/»  =  1.0.  Results  from  this  reference  are  presented  in 
Figures  A-21  and  A-22.  Application  of  the  basic  shock-expansion  technique  at 
lower  values  of  K  to  various  bodies  should  not  include  shapes  which  have 
large  lengths  of  zero  curvature  as  this  can  lead  to  incorrect  values  with 
respect  to  experiment.  The  simple  case  of  a  cone  cylinder  is  presented  in 
Figure  A-23  for  an  example  of  this  error. 

Another  mode  of  operation  for  the  shock  expansion  technique  is  in  the 
calculation  of  flow  separation  characteristics  on  control  surfaces.  Again 
in  this  mode  the  three  leading  edge  "starting"  conditions  are  available  for 
flow  field  definition.  In  the  utilization  of  the  shock  expansion  technique  for 
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Figure  A-20.  Comparison  of  Shock  Expansion  and  Characteristic 
Solution  for  the  Surface  Pressure  Coefficient  on  a 
10*  Biconvex  Airfoil 
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Figure  A-22.  Variation  of  Pressure  Coefficient  Along  a  Fineness 
Ratio  5  Ogive  at  Zero  Angle  of  Attack 
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curved  surfaces  It  should  be  noted  that  the  empirical  correlation  of  separa¬ 
tion  criteria  was  based  on  flat,  uncurved  sections  for  the  flap  itself  and  the 
area  forward  of  it.  If  a  curved  section  is  used  the  boundary  conditions  on 
which  the  correlation  were  based  are  not  satisfied  and  the  calculated  values 
should  be  interpreted  with  this  fact  in  mind. 


FREE  MOLECULAR  FLOW 

At  very  high  altitudes  the  various  theoretical  approaches  based  on 
continuum  flow  cease  to  be  realistic.  The  criteria  associated  with  the 
onset  of  free  molecular  flow  is  the  mean  free  path  of  the  molecules.  If 
the  mean  free  path  is  everywhere  much  greater  than  the  characteristic 
vehicle  dimension, the  flow  may  be  called  free  molecular  flow. 

The  process  of  momentum  transfer  for  this  flow  model  is  a  function  of  the 
accommodation  coefficients  to  be  input  to  the  program.  These  accommo¬ 
dation  coefficients  are  related  to  the  two  general  modes  by  which  the  mol¬ 
ecules  striking  the  body  may  be  reflected. 

The  first  model  is  called  "specular"  reflection.  In  this  flow  model  the 
molecule  strikes  a  smooth  flat  surface  and  leaves  with  its  normal  velocity 
component  completely  reversed  and  its  tangential  component  unchanged. 

The  accommodation  coefficients  (f^  said  fR)  are  zero  for  specular  reflection. 

The  experimental  evidence  shows  that  this  model  is  unrealistic.  Thus  for 
practical  applications  the  results  obtained  with  specular  reflection  should 
only  be  used  for  comparison  purposes. 

The  surface  roughness  for  standard  surfaces  on  actual  configurations  is  not 
"smooth"  in  the  sense  required  for  specular  reflection.  The  second  model 
notes  this  fact  and  assumes  the  molecules  which  strike  the  surface  are 
trapped  by  the  surface  and  then  re-emitted.  Any  such  reflection  process 
which  is  not  specular  is  called  a  "diffuse"  reflection.  For  a  completely 
diffuse  reflection  the  accommodation  coefficients  (f.,  f  )  are  equal  to  1.  0. 

•  A 

Most  of  the  experimental  data  obtained  for  ft  is  in  the  area  of  0.  8  to  1.  Oand 
it  is  generally  assumed  that  f  is  also  close  to  one. 
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The  general  assumptions  made  when  calculating  the  free  molecular  flow 
for  general  shapes  are:  (1)  completely  diffuse  reflection  exists,  and  (2) 
constant  temperature  over  a  given  vehicle  section  is  assumed. 

DELTA  WING  EMPIRICAL 

A  detailed  explanation  of  this  force  calculation  method  appears  elsewhere  in 
this  report.  As  shown  earlier,  this  method  was  derived  from  experimental 
data  of  60  to  75  degrees  sweep  deltas  at  Mach  numbers  of  6.  85  and  9.  6. 
Pressure  coefficients  calculated  by  this  method  are  compared  with  other 
calculation  methods  over  a  wide  Mach  number  range  in  Figures  A-l  through 
A-6.  It  should  be  noted  that  at  a  Mach  number  of  20  for  the  low  to  moderate 
angles  of  attack  the  method  approximated  Newtonian  flow  due  to  the  high 
values  of  M  sin  6. 
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APPENDIX  B 


SAMPLE  PROBLEM 

This  appendix  contains  a  rather  detailed  sample  problem,  complete  with 
a  listing  of  all  the  input  cards,  the  printed  output  obtained,  and  the  graphics 
output  generated  by  the  SC-4020  options  in  the  program.  This  sample 
problem  has  been  designed  to  illustrate  many  of  the  features  and  capabilities 
of  the  program.  A  very  careful  study  of  this  sample  problem  will  help  to 
clarify  many  of  the  program  operational  concepts  presented  in  this  report. 

This  sample  problem  illustrates  certain  concepts  involved  in  the  solution  of 
a  typical  problem,  the  use  of  the  various  program  options  (as  controlled  by 
key  input  flags),  and  the  different  types  of  printed  and  graphical  output 
produced  by  the  program.  However,  the  amount  of  output  data  shown  in 
this  problem  should  not  be  construed  as  being  typical.  In  this  sample  it 
was  necessary  to  sererely  limit  the  use  of  the  program  print  options  so  as 
to  keep  the  number  of  pages  to  be  reproduced  in  this  report  to  a  reasonable 
quantity.  In  most  actual  applications  the  printout  would  be  greatly  expanded. 
The  use  of  expanded  printout  would  be  helpful,  not  only  from  the  standpoint 
of  data  analysis,  but  as  trouble  shooting  information  in  the  case  of  a  run 
failure  or  bad  data  because  of  erroneous  input  information. 

This  sample  problem  involves  the  analysis  of  a  typical  high  L/D  reentry 
vehicle.  All  input  geometry  information  was  obtained  from  the  drawing 
shown  on  page  B-3.  This  drawing  was  made  on  20"  x  40"  grid  paper. 

The  first  step  in  loading  the  geometry  data  involved  the  division  of  the 
shape  into  a  number  of  components  (identified  by  the  letters  A  through  EV). 
The  illustration  given  on  page  B-5  gives  a  tabulation  of  each  vehicle  section, 
the  geometry  generation  technique  used,  end  the  pressure  calculation 
method  selected  for  each  component.  The  free-hand  sketches  shown  on 
page  B-6  were  prepared  as  an  aid  in  identifying  the  vehicle  sections. 

For  this  problem  it  was  decided  to  use  four  program  phases.  The  program 
activity  accomplished  in  each  of  the  phases  is  outlined  below. 

Phase  1  Aerodynamic  Force  Program  (option  1) 

Generate  the  geometry  fo.*  those  sections  of  the  shape 
using  the  ellipse  and  parametric  cubic  options  and  store 
the  resulting  element  data  (in  Type  3  card  format)  on  the 
geometry  storage  tape  (Unit  8).  Next  read  in  all  the  rest 
of  the  geometry  data  from  the  standard  input  tape  (Unit  5) 
and  transfer  these  data  to  the  geometry  storage  tape  also. 
When  all  of  the  vehicle  geometry  (including  the  skin-friction 
geometry  model)  has  been  transferred  to  Tape  8  we  will 
use  the  Picture  Drawing  option  to  check  the  results  of  the 
geometry  generation  and  input  operation. 
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Phase  2  Picture  Drawing  Program  (option  2) 

Draw  SC-4020  pictures  of  both  the  pressure  geometry 
model  and  the  skin-friction  geometry  model.  In  this 
sample  problem  we  have  only  drawn  two  views  of  each 
model.  In  a  normal  application  we  would  usually  draw 
a  number  of  pictures  showing  the  entire  vehicle  from 
several  different  angles.  Frequently  each  section  of 
the  vehicle  is  drawn  enlarged  on  an  individual  picture 
frame  so  that  it  may  be  studied  in  more  detail.  In 
addition,  a  front  view  showing  the  cross-sectional  cuts 
with  suitable  grid  lines  will  usually  be  obtained. 

Phase  3  Aerodynamic  Force  Program  (option  1) 

Calculate  the  aerodynamic  characteristics  of  the  vehicle 
and  save  the  results  on  the  plotting  tape.  In  this  problem 
a  component  build-up  technique  was  used  to  assist  in  the 
analysis  of  the  output  data.  Only  a  few  angle  of  attack 
points  were  calculated  so  as  to  reduce  the  amount  of 
output  for  this  report. 

Phase  4  Output  Data  Plotter  Program  (option  3) 

Plot  selected  output  parameters  only. 

•  0 

A  machine  produced  listing  of  all  the  input  cards  for  this  problem  is 

presented  on  pages  B-7  through  B-10.  This  type  of  listing  of  all  the  input 

cards  is  usually  made  before  the  first  machine  run  on  the  computer.  Errors 

that  may  have  been  overlooked  on  the  original  load  sheets  are  usually 

easily  detected  when  the  listing  is  reviewed.  The  notes  presented  at  the 

rifht  side  of  each  page  should  be  of  assistance  in  studying  this  sample 

problem. 

,  The  output  from  the  Arbitrary ^  Body  Program  for  this  sample  problem  is 

{iven  on  pages  B-ll  through  B-39.  Graphical  output  obtained  from  the 
C-4020  is  presented  on  pages  B-40  through  B-47. 
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Sample  Problem  -  Component  and  Pressure  Method  Selection 
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HYPERSONIC  ARbl TRARV-BODV  AERODYNAMIC  COMPUTER  PROGRAM  SYSTEM 
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TOTAL  AREA 

Ot 

INPUT 

ELEMENTS 

0.0 

TOTAL 

NUMBER 

Ot 

ELEMENTS 

0 

TOTAL  VOLUME 

OF 

INPUT 

ELEMENTS 

0.0 

##••• 

section 

•  SF 

TOTAL  AREA 

OF 

INPUT 

ELEMENTS 

0.0 

TOTAL 

NUMBER 

OF 

ELENENTS 

0 

TOTAL  VULUNt 

UF 

INPUT 

ELEMENTS 

0.0 

SECT  ION 

•SF 

TOTAL  AREA 

UF 

INPUT 

CLEMENTS 

0.0 

TOTAL 

NUMBER 

OF 

ELEMENTS 

0 

TOTAL  VULUME 

OF 

INPUT 

ELEMENTS 

0.0 

SECTION 

•  SF 

TOTAL  AREA 

OF 

INPUT 

ELEMENTS 

0.0 

TOTAL 

NUMBER 

OF 

ELEMENTS 

0 

TOTAL  VOLUME 

OF 

INPUT 

ELEMENTS 

0.0 

SECTION 

•SF 

TOTAL  AREA 

OF 

INPUT 

ELEMENTS 

0.0 

TOTAL 

.JUMBER 

OF 

ELEMENTS 

0 

TOTAL  VOLUME 

Ot 

INPUT 

ELEMENTS 

0.0 

SECTION 

•SF 

TOTAL  AREA 

Of 

INPUT 

ELENENTS 

0.0 

TOTAL 

NUMBER 

OF 

ELENENTS 

a 

0 

TOTAL  VOLUME 

OF 

INPUT 

ELEMENTS 

0.0 

SECTION  -SF  fUTAL  AREA  (W  INPUT  ELEMENTS  • 
rom  VULUHE  UF  INPUT  llEMTNIS  • 


0.0 

0.0 


TOTAL  NUMBER  OF  ELEMENTS  • 


MAIN  PROGRAM  NUN  HAS  CONTROL  OF  SYSTEM  *•••••»• 


•••••  GRAPHIC  option  has  control  ***** 

PICTURE  ORAMING  PROGRAM  MILL  BE  EXECUTEO 
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PICTURE  UK4t*INu  PROUKAM 


PlttUKt  NUMBER  t 


TOTAL  AKtA  OF  INPUT  CUN L.'TS 
IUTAL  VOLUME  OF  INPUT  ELEMENTS 

O.Ooi 1 
0.00) 

TOIAL 

NUMBER 

OF 

ELEMENTS  * 

21 

lUUL  AKkA  OF  INPUT  ELEMENTS 
IUTAL  VOLUME  OF  INPUT  ELEMtNTS 

0.3)72 

0.0*7 

TUTAL 

NUMBER 

OF 

FLEMENTS  » 

26 

IUTAL  AKk  A  OF  INPUT  ELEMENTS 

1 U I A t  VULUME  OF  INPUT  ELEMENTS 

5. JH9) 
5.768 

TOTAL 

NUMBER 

OF 

ELEMENTS  ■ 

11 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

8. 6E!>* 
l  )♦ 5*7 

TOTAL 

NUMBER 

OF 

ELEMENTS  » 

16 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TUTAt  VOLUME  OF  INPUT  ELEMENIS 

8.685* 

11.5*7 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

15 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

26.765) 

20.7*5 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

♦5 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

26.9*71 

20.762 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

50 

TOTAL  AREA  OF  f NPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

12.8279 

7*. 12) 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

60 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

5). *858 
)5.*72 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

65 

TOTAL  AKCA  Of  INPUT  ELEMENTS 
TOIAL  VOLUMt  OF  INPUT  ELEMENTS 

51.6858 

35.672 

TOTAL 

number 

OF 

ELEMENTS  • 

66 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

51.61*1 

35.698 

TUTAL 

NUMBER 

OF 

ELEMENTS  - 

6B 

TOTAL  AKtA  OF  INPUT  ELEMENTS 
TUTU  VOLUME  OF  INPUT  ELEMENTS 

81.8193 

77.018 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

7* 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

92.5*5* 

99.0*3 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

•0 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  FLEMENTS 

120.6970 

150.905 

total 

NUMBER 

OF 

ELEMENTS  • 

61 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

120.6970 

150.905 

TOTAL 

NUMBER 

OF 

ELEMENTS  « 

B2 

TOTAL  AREA  OF  INPUT  ELEMENTS 

1 OT AL  VOLUME  OF  INPUT  ELEMENTS 

1)8.*I81 

217.269 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

B) 

TOTAL  AREA  OF  INPUT  ELEMENTS 
IUTAL  VOLUME  OF  INPUT  ELEMENTS 

1)8.6181 

217.269 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

B6 

IOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

161.07)8 

217.269 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

65 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

16). 07)8 
217.269 

total 

NUMBER 

OF 

CLEMENTS  • 

66 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

166.O200 

217.165 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

69 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VULUME  OF  INPUT  ELEMENTS 

166.6200 

■217.1*5 

TOTAL 

NUMBER 

OF 

elements  - 

90 

AL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENIS 

179. 7)09  ' 
219.85* 

TOTAL 

NUMBER 

OF 

ELENENTS  - 

91 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

1 79*7)09 
219.05* 

TOTAL 

number 

OF 

ELEMENTS  « 

92 

IOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

179.816) 

219.85* 

total 

NUMBER 

OF 

ELEMENTS  • 

9) 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOIAL  VOLUMt  OF  INPUT  ELEMLNIS 

201.6)72 

719.85* 

TOTAL 

NUMBER 

OF 

ELEMENTS  ■ 

9* 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELfcMENTS 

201.6)72 

219.85* 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

95 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUMt  OF  INPUT  ELEMENTS 

217.5)7* 

219.85* 

TOTAL 

number 

OF 

ELEMENTS  • 

97 

total  area  of  input  elements 

TOTAL  VOLUME  OF  INPUT  ELEMENTS 

217.5)7* 

219.85* 

TUTAL 

NUMBER 

OF 

ELEMENTS  • 

96 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

251.2)1* 

219.85* 

total 

NUMBER 

OF 

ELEMENTS  • 

122 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 

260.9070 

219.85* 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

1)7 
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PICtURE  OHAhlNG  PROCRAR  PICTU«l  W1R8ER  2 

TOTAL  AREA  nf  INPUT  ELEMENT  S 
TOTAL  VOLUME  OF  INPUT  ELEMENT i 
TOTAL  APIA  Ilf  INPUT  ELEMENTS 
Il'TAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AKTA  OF  INPUT  ELEMENTS 
TOTAL  VCJLUNt  OF  INPUT  ELEMENTS 
TOTAL  AREAPlF  INPUT  ELEMENTS 
lUTAl  VOLUME  OF  INPUT  ELEMtMS 
IOIAL  AHtA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
lUTAl  AAfc  A  uF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AAEA  IIF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
IOIAL  AAEA  OF  INPUT  ELEMENTS 
IOIAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AAEA  OF  INPUT  ELEMENTS 
IOIAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  UF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
lUTAl  AAEA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AAFA  OF  INPUT  EIENENIS 
TulAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AAEA  Of  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TUTAL  AREA  OF  INPUT  ELEMENTS 
IOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPOT  ELEMENTS 
IOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPUT  ELEMENTS 
rillAl  VOLUME  OF  INPUT  ELEMENTS 
TUTAE  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUML  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPUT  FLEMENIS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPUT  ELEMENTS 
IOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  .NPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPUT  ELEMENTS 
TUTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  ARFA  OF  INPUT  ELEMENTS 
lUTAl  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  UF  INPUT  ELEMENTS 
IOIAL  AREA  OF  INPUT  ELEMENTS 
TUlAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  ARE*  OF  INPUT  ELEMENTS 

total  volume  of  Input  elements 

TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPUT  ELENEN1S 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TUTAL  AREA  OF  INPUT  FLEMENTS 
TOTAL  VOlUilE  OF  INPUT  CLLMENTS 
TOTAL  ARl>  OF  INPUT  ELEMENTS 
TUTAL  VOLUME  UF  INPUT  ELEMENTS 


0.0611 

0.00) 

TOTAL 

NUMBER 

OF 

elements  • 

21 

0.1)72 

0.067 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

26 

5.109) 

5.760 

total 

NUMB E A 

OF 

ELEMENTS  - 

11 

0.6056 

1).567 

TOTAL 

MJNBER 

OF 

ELEMENTS  • 

16 

0.6056 

11.567 

TOTAL 

NUMBE* 

OF 

ELEMENTS  • 

15 

26.765) 

20.769 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

65 

26.9671 

20.762 

TOTAL 

NUMBER 

OF 

CLEMENTS  » 

50 

12.1279 

26.121 

total 

NUMBER 

or 

ELEMENTS  • 

60 

53.6050 

15.672 

total 

NUMBER 

UF 

ELEMENTS  - 

65 

51.6050 

15.672 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

66 

51.6161 

15.690 

TOTAL 

NUMBER 

OF 

ELENENTS  ■ 

6B 

S1.0191 

77.010 

TOTAL 

NUMBER 

OF 

elements  • 

76 

92.5656 

99.06) 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

•0 

120.6970 

150.905 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

81 

120.6970 

150.905 

TOTAL 

NUMBER 

or 

ELEMENTS  - 

•2 

1M.610I 

217.269 

TOTAL 

NUMBER 

OF 

elements  > 

8) 

110.6101 

217.269 

TOTAL 

NUMBER 

or 

F l E  RENTS  • 

06 

161.0730 

217.269 

total 

NUMBER 

OF 

ELEMENTS  • 

85 

U1.U716 

217.269 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

•6 

166.6200 

217.165 

TOTAL 

NUMBER 

UF 

ELEMENTS  • 

09 

166.6200 

217.165 

TOTAL 

NUMBER 

OF 

ELEMENTS  > 

90 

179.7109 

219.056 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

91 

179.7)09 

219.056 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

92 

179.0163 

219.056 

TOTAL 

NUMBLR 

OF 

ELEMENTS  - 

93 

201.6)72 

219.056 

TOTAL 

NUMBER 

OF 

ELEMENTS  - 

96 

201.6172 

219.056 

TOTAL 

number 

OF 

ELEMENTS  • 

95 

217.5)76 

219.056 

TOTAL 

NUMBLR 

OF 

ELEMENTS  ■ 

97 

217.5176 

219.056 

TOTAL 

NUMBER 

OF 

ELEMENTS  • 

98 

251.2)16 

219.856 

TOTAL 

NUMBER 

OF 

elements  • 

122 

260.9070 

219,056 

total 

NUMBER 

OF 

ELEMENTS  ■ 

117 

PICTURE  DRAWING  PROGRAM  PICTUAE  NUMBER  3 


QUA  (TRILATERAL  CHARACTERISTICS  -  PICTURE  ORAWING  PROGRAM 

CASE  AT  '  PAGE  2 

VISCOUS  GEOMETRY  PPTVPICAL  HIGH  I/O  VfHIClE** 

INPUT  SURFACE  ELEMENT  DATA 

MM*  «  X  (  NA  XCENT  AREA  L 

V  V  V  V  NV  VCENT  DELTA  V 

l  l  l  l  HI  l  CENT  VOLUME 


t  I  I.TETSOE  01  I.OOOOOE  00  2.U0000E  PO  I.TR730E  Oi  0.032TIA  T.29I67E  00  2.1A4A2E  01  I 

0.0  .  2.VS000E  00  0.0  0.0  0.0  4.83333E-01  O.C 

O.SROOOE-Ol  0.0  0.0  1.3B000T-0I  -0.998410  2.79333F-0I  0.0 

TOTAL  AREA  OF  INPUT  ELEMENTS  •  23.AA82  TOTAL  NUMBER  OF  ELEMENTS  ■  1 

TOTAL  VOLUME  UF  INPUT  ELENENTS  *  0.0 

1  1  2.00000E  00  -1.20000E  01  -I.20000E  0  1  2.00000E  00  0.0  -S.OOOOOF  00  I.AOOOOF  01  2 

I.OOOOOE  00  I.OOOOOE  00  0.0  0.0  0.0  5.00000E-01  0.0 

0.0  0.0  0.0  0.0  -1.000000  0.0  0.0 

TOTAL  AREA  OF  INFUT  ELEMENTS  •  J7.4482  TOTAL  NUMBER  np  CLEMENTS  •  2 

TOTAL  VOLUME  Of  INFUT  ELEMENTS  •  0.0 

t  t  I.OOOOOE  OO  -L.49000E  01  -I.4S000E  01  2.00000E  00  0.0  -6.B7A24E  00  4.IA62SE  01  3 

2.99000E  00  A.  10000E  00  I.OOOOOE  00  I.OOOOOE  00  0.0  2.2B432E  00  0.0 

0.0  0.0  0.0  0.0  -l  .000000  0.0  0.0 

TOTAL  AREA  OF  INFUT  ELEMENTS  •  T9. 1I0T  TOTAL  NUMBER  OF  ELEMENTS  •  3 

'OTA'.  VOLUME  OF  INFUT  ELENENTS  •  0.0 

1  1  2.00000E  00  - I • 20000E  01  -I.20000E  01  2.00000E  00  0.079901  -T.33333E  00  I.TT2IIE  01  4 

3.09SOOE  00  9.9SOOOE  00  4.32I00E  00  3.09800E  00  0. 964270  4.33T99E  00  6.A344IE  01 

1.52000E-01  2.34000E  00  1.92000E-0!  I.92000E-0I  -0.497316  B.BI332E-OI  6.63641E  01 

TOTAL  AREA  OF  INFUT  ELEMENTS  •  96.8118  TOTAL  NUMBER  OF  ELEMENTS  ■  4 

TOTAL  VOLUME  OF  INPUT  ELEMENTS  •  46.344 

I  I  1.TST90E  01  2.00000E  00  2.00000E  00  I.T8790E  Ot  0.IT4633  T.96394E  00  1.61937E  01  9 

0.0  0.0  1.40000E  00  l.OOOOOE-OI  0.937297  5.3TU9E-01  4.TI999F  00 

1.I6200E  00  4.9900 OE  00  3.4BOOOE  00  1.12900E  00  0.S291IA  3.00B68F  00  7.10836E  01 

TOTAL  AREA  OF  INPUT  ELEMENTS  •  113. 1899  TUTAL  NUMBER  OF  ELEMENTS  • 

TOTAL  VOLUME  OF  INPUT  ELEMENTS  *  71,08* 

B-16 
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QUADRILATERAL  CHARACTERISTICS  -  PICTURE  DRAWING  PROGRAM 
CASE  67 

VISCOUS  GfcOMfclRY  ••TYPICAL  HIGH  L/O  VEHICLE** 

INPUT  SURFACE  ELEMENT  OATA 


PAGE 


N 

M 

X 

X 

X 

X 

NX 

XCFNT 

AREA 

Y 

V 

Y 

V 

NY 

VC  ENT 

OfcLTA  V 

2 

2 

2 

2 

HI 

2CENT 

VOLUME 

1 

1 

2.00000E 

00 

-1.20000E 

01 

-1.200006  01 

2.00000E  00 

0.015497 

-4.901 94E 

00 

2.58633C 

01 

0.0 

0.0 

1.480006  00 

1 .600006  00 

0.552133 

7.70423F- 

-01 

1 • 100 1 6f 

01 

4.55000E 

00 

4.80000E 

00 

3.83000E  00 

3.48000E  00 

0.833612 

4.16289E 

00 

3.20852F 

01 

TUTAL  AREA  1 

DF 

INPUT  EL6M6NTS 

>  139.0488  TOTAL  NUMBER 

OF 

fcl FMFNTS  ■ 

TOTAL  VOLUME 

OF 

INPUT  6L6MENTS 

•  82.085 

l 

1 

1.78750E 

01 

2.00000E 

00 

2.000006  00 

1.787506  01 

0.  144915 

7,437836 

00 

3.010956 

01 

1.00000E-01 

1 .600006 

00 

3.09800E  00 

1.570006-01 

0.400531 

1.58837E 

00 

4.30678E 

01 

I.I2600E 

00 

3.48000E 

00 

1.520006-01 

1.03800E  00 

0.409932 

1 . 5646  IE 

00 

1.25153F 

02 

TOTAL  AREA  OF 

INPUT  ELFM6NTS 

•  169.1582  TOTAL  NUMBER 

OF 

flemfnts  • 

TOTAL  VOLUME 

OF 

INPUT  ELEMENTS 

•  125.153 

1 

1 

2.00000E 

00 

-1 .200006 

01 

-1.200006  01 

2.00000E  00  -0.000075 

-4. 097)76 

00 

3.6P409F 

01 

1 .60000E 

CO 

1 .480006 

00 

2.100006  00 

3. 09 8006  00 

0.915450 

2.10554C 

00 

7.1011)6 

01 

3.48000E 

00 

3.81000E 

00 

2.14000E  00 

1  • 52000E-01 

0.40243) 

2.36868E 

00 

1.96I64E 

02 

TOTAL  AREA  OF 

INPUT  EL6MENTS 

■  205.9991  TOTAL  NUMBER 

OF 

ELEMENTS  - 

TOTAL  VOLUME 

OF 

INPUT  ELEMENTS 

■  196.164 

1 

1 

2.00000E 

00 

- 1 • 200006 

01 

-1.20000E  01 

2.00000E  00 

0.  1544 1  l 

-7.)1)3)E 

00 

2,4655  7F 

01 

3.09800E 

00 

2. 10000F 

OO 

5.58000F  00 

1. 098006  00 

0.0 

3.59266E 

00 

0.0 

1.52000E-01 

2. 340006 

00 

2.34000F  00 

1.520006-01 

0.988007 

1.61066E 

00 

1 • 961 64 F 

02 

TUTAL  AREA  OF 

INPUT  ELEMENTS 

>  230.6546  TOTAL  NUMBER 

OF 

ELEMENTS  ■ 

TOTAL  VOLUME 

OF 

INPUT  EL6NENTS 

■  196.164 

l 

| 

-1.2I660E 

01 

-1.7  >0006 

r  t 

-1.20000E  01 

-5.16599E  00 

0.0 

-1.02) 10F 

01 

1*511086 

01 

1  .66000  0 

01 

l .66000n-C! 

1.660006-01 

I.66000E-0! 

l. 000000 

1 .660Q0E-0I 

2.50840F 

on 

8.50000E 

0  (f 

8.50000E 

00 

4.80000E  00 

4.80000F  00 

0.0 

6.23475E 

00 

1.98673E 

02 

TOTAL  AREA  (IF  ! 

INPUT  ELEMENTS 

•  245.7656  TOTAL  NUMBER 

OF 

FLEMFNTS  - 

1 

TOTAL  VOLUME 

OF 

INPUT  6LEN6NTS 

•  198.673 

P1CIUKE  DRAWING  PKiiGKAH  PICTURE  NU*'b(K  A 

TilTAL  AKtA  UF  INPUT  ELEMENTS 
f  I  IT  AL  VOLUME  Of  INPUT  fclLMENTS 
TOTAL  AKtA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPUT  FLEMENIS 
IOTAL  VOLUME  OF  INPUT  fclFM*NTS 
TOTAL  AREA  OF  INPUT  EIEP.FNTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  UF  INPUT  ELFMCNTS 
TOTAL  AKEA  OF  INPUT  ELEMENT i 
IOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AREA  UF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 
TOTAL  AKLA  OF  INPUT  ELEMENTS 
IOTAL  VOLUME  OF  INPUT  ELLMENTS 
1UTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VULUME  OF  INPUT  ELEMENTS 
TOTAL  AKtA  OF  INPUT  ELEMENTS 
TUI  AL  VOLUME  UF  INPUT  ELEMENTS 


23.4482 

0.0 

37.4482 

0.0 

79.1107 

0.0 

96.8318 
66.364 
113.1853 
71.084 
139.0488 
82.085 
169.1582 
125.153 
205.9991 
196.164 
230.6548 
196. 164 
145.7656 
198.673 


TOTAL  NUMBER  OF  ELEMENTS  •  I 

TOTAL  NUMBER  OF  ELEMENTS  *  2 

TOTAL  NUMBER  OF  ELEMENTS  -  S 

TOTAL  NUMBER  OF  CLEMENTS  •  4 

TOTAL  NUMBER  OF  ELEMENTS  •  5 

TOTAL  NUMBER  OF  ELEMENTS  *  6 

TOTAL  NUMBER  OF  ELEMENTS  -  7 

total  number  of  elements  «  • 

TOTAL  NUMBER  OF  ELEMENTS  ■  4 

TOTAL  NUMBER  OF  ELEMENTS  ■  10 


I 

1 


MAIN  PROGRAM  NUN  HAS  CONTROL  OF  SYSTEM  •••••••6 

f 
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♦iMT.'!1!****** 


HYPERSONIC  AK8I TMRY-BOOV  PROGRAM#  MARK  III  MOO  0 
CASE  AT 


PACE  4 


SECTIONS  A.C.G.K  ••NLSL  ANU  LtAJlNG  U1U6S** 
INPUT  SURFACE  ELENfeM  DATA 


N 

X 

X 

X 

X 

NX 

XCENT 

ARIA 

¥ 

Y 

r 

¥ 

NY 

YCfcNT 

DELTA  V 

i 

l 

l 

2 

N2 

{CENT 

VOLUME 

0.0 

0.0 

-1.500006-02 

-1.60000E-02 

0.976699 

-9.999996-03 

1.089386-03 

0#0 

0.0 

3.04000E-02 

0.0 

0.047504 

1 .013336-02 

5.244016-07 

0.0 

0.0 

-6.310006-02 

-7.000006-02 

-0.209292 

-4.436676-02 

5.244016-07 

0.0 

0.0 

-I .600006-02 

-1.500006-02 

0.976683 

-9.999996-03 

1.088456-03 

0.0 

0.0 

5.47000E-02 

3.040006-02 

0.134366 

2. 836676-02 

4. 148636-06 

0.0 

0.0 

-4.36000k -02 

-6.310006-02 

-0. 167441 

-3.55667E-02 

4.67)036-06 

0.0 

0.0 

-1.600 00k- 02 

-1.500006-02 

0.976662 

-9.99999E-03 

1.085436-03 

0.0 

0.0  « 

6. 820006-02 

5.4  7000E-02 

0.193471 

4.096676-02 

8.602996-06 

0.0 

0.0 

-l • 560006-02 

-4.360006-02 

-0.093281 

-1.973336-02 

1.327606-05 

0.0 

0.0 

-l • 500006-02 

-1.500006 -02 

0.974656 

-9.999996-03 

1.089356-03 

0.0 

0.0 

fc.82000t-02 

6.820006-02 

0,214807 

4.546676-02 

1.063926-05 

0.0 

0.0 

1 • 560006-02 

-1.660006-02 

0.0 

6.984926-10 

2.391526-05 

0.0 

0.0 

-l. 50000E-02 

-1.600006-02 

0.976662 

-9.999996-03 

1.085436-03 

0.0 

0.0 

5.4  7 C00k-02 

6.820001-02 

0.193471 

4.096676-02 

8.602996-06 

0.0 

0.0 

4.36000E-02 

1.960006-02 

0.093281 

1.973336-02 

3.251826-05 

0.0 

0.0 

- 1 • 600006-02 

-1.30000E-02 

0.97o683 

-9.999996-03 

1.088446-03 

0.0 

0.0 

3.04000E-02 

5.470 00E-02 

0.134366 

2. 836676-02 

4.148626-06 

0.0 

0.0 

6.310006-02 

4.360006-02 

0.167441 

3.556666-02 

3.666686-05 

0.0 

0.0 

-i. 60000E-02 

-1  a 300 006-02 

0*976699 

-9.999 996-03 

1.089386-03 

0.0 

o.c 

0.0 

3.040006-02 

0.047304 

1.013336-02 

5.244016-07 

0.0 

0.0 

T. 000006-02 

6. 310001-02 

0.2092  2 

4.436676-02 

3.719126-05 

-1.500006-02 

- 1 .500006-02 

-5. 50000t-02 

-3,500006-02 

0.601369 

-3.687676-02 

2.901306-03 

0.0 

3.0*0006-02 

5.420006-02 

0.0 

0.133044 

2.170546-02 

8.378306-06 

-T, 000006-02 

-6. 310006-02 

-I. 126006-01 

-1.250006-01 

-0.583187 

-9.512706-02 

4.556956-05 

-1,500001-02 

-l .500006-02 

-5.500006-02 

-3.500006-02 

0.801343 

-3.688066-02 

2.902 066-03 

3.04000t-02 

5.470006-02 

9. 77000F-02 

5.420006-02 

0.373327 

6.082446-02 

6.593366-05 

-*• Jl000t-02 

-A. 360006-02 

-7. 79000E-02 

-1.126006-01 

-0.467254 

-7.626686-02 

1.115036-04 

-1.500006-02 

-l .500006-02 

-3.500006-02 

-5.50000E-C2 

0.801698 

-3.688756-02 

2.901756-03 

>  .47000002 

a .620006  02 

1.21900E-01 

9.770006-02 

0.538296 

8.790706-02 

1.373116-04 

-4.160006-02 

-1.560066-u2 

-2.780006-02 

-T. 790006-02 

-0.299843 

-4.232106-02 

2.488146-04 

l 
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HYPERSONIC  ARBITIUHY-SOOY  PAUGPARi  PARK  III  MOO  0 
CASE  AT 


SECTIONS  A.CiCtK  ••NOSE  ANU  LEAUINC  EUUES** 
INPUT  SURFACE  ELEMENT  UATA 


FACE 


X 

X 

X 

X 

NX 

XCENT 

AREA 

l 

r 

Y 

Y 

V 

NY 

YCENT 

DELTA  V 

i 

2 

l 

2 

N* 

2CENT 

VOLUME 

-1.500006*02 

-1.500006-02 

-5.500006-02 

-5. 500006-02 

0.801967 

-S.6.7ME-0? 

2.906086-03 

11 

6.820006-02 

6.820006-02 

1.219006-01 

1.219006-01 

0.597369 

9. TS.S8E-02 

1.693746-04 

-1.560006-02 

1.560006-02 

2.780006-02 

-2.780006-02 

0.0 

l • S.26SE-09 

4.181886-04 

-1.500006-02 

-1.500006-02 

-5.500006-02 

-5.500006-02 

0.801698 

-1.6BB75E-02 

2 .901 756-03 

12 

6.820006*02 

5.470006-02 

9. T7000E-02 

1.219006-01 

0.538296 

B.T90  TOE-02 

1.373116-04 

1.560006-02 

4.360006-02 

7. 790006-02 

2.780006-02 

0.259843 

••23210E-0? 

5.554996-04 

-1.500006-02 

-1.500006-02 

-5.500006-02 

-5.500006-02 

0.801343 

-3.A8B0BE-02 

2.902076-03 

13 

5.470006-02 

3.040006-02 

5.420006-02 

9.770006-02 

0.3*352 i 

.■ 0B2A4E-02 

6.593371-05 

4.160006-02 

6.310006-02 

1.126006-01 

7.790006-02 

0.467254 

7..2..9E-02 

6.214126-04 

-1.500006-02 

-1.500006-02 

-5.500006-02 

-5.500006-02 

C.801369 

•3...7.TE-02 

2.901306-03 

14 

3.04000C-02 

0.0 

0.0 

5.420006-02 

0.133064 

2.1K34E-02 

8.378306-04 

6.310006-02 

7.000006-02 

1.25000E-01 

1.126006-01 

0.583187 

9.512T0E-02 

6.298116-04 

.-5.500006-02 

-5.500006-02 

-1.25000E-01 

-1,250006-01 

0.458440 

-9#  t  50716-02 

5.029036-03 

15 

0.0 

5.420006-02 

7.030006-02 

0.0 

0.197652 

3.1300SE-02 

3.111266-05 

-1.250006-01 

-1.126006-01 

-1.460006-01 

-1.620006-01 

-0.846468 

-1.3TISTE-01 

4.609236-04 

-5.500006-02 

-5.500006-02 

-1.250006-01 

-1.250006-01 

0.458817 

-9*1 30,96*02 

5.034036-03 

14 

5 .420006-02 

9.770006-02 

1.267006-01 

7.030006-02 

0.554128 

I.T7I02E-02 

2.446676-04 

-1.126006-01 

-7.790006-02 

-1 • 01 OOOE-O  l 

•1.460006-01 

-0.694571 

-1.099.3E-01 

9.055906-04 

-5.500006-02 

-5.500006-02 

-1.250006-01 

-1.250006-01 

0.458068 

-9.1S034E-02 

5.029556-03 

17 

9.770006-02 

1.219006-01 

1.579006-01 

1.267006-01 

0.800944 

1.24744E-01 

5.105956-04 

-7.790006-02 

-2.780006-02 

-3.600006-02 

-1.010006-01 

-0.385522 

-..10134E-02 

1.414196-03 

-5.500006-02 

-5.500006-02 

-1,250006-01 

-1.250006-01 

0.437348 

-9.14994E-02 

5.021996-03 

18 

1.219006-01 

1.219006-01 

1.579006-01 

1.579006-01 

0.889288 

1.40.71E-01 

6.282366-04 

-2.780006-02 

2 • 780006-02 

3.400006-02 

-3.600006-02 

0.0 

4*. 5*. IE-09 

2.044426-03 

-5.500006-02 

-5 .500006-02 

-1.250006-01 

-1.250006-01 

C.4S8068 

-9.IS034E-02 

5.029556-03 

19 

1.219006-01 

9.770006-02 

1.267006-01 

l. >79006-01 

0.000966 

1.267446-01 

5.105956-04 

2. 78000E-03 

7.790006-02 

1.010006-01 

3.600006-02 

0.383522 

6.101S4E-02 

2.555026-03 

-5.500006-02 

-5.50000E-02 

-1. 250006-01 

-1.250006-01 

0.458817 

-9.IS069E-02 

5.034036-03 

20 

9.770006-02 

5.420006-02 

7.03000C-02 

1.26700E-01 

0.554128 

6*771026-02 

2.446676-04 

7.790006-02 

1.126006-01 

1.460006-01 

1.010006-01 

0.694571 

1.099S3E-0I 

2.799686-03 
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HYPfcRSUNlC  ARBI  THAR Y-flUUY  PROGRAM,  MARK  III  MOD  0 

CASE  67  PAGE  * 

SECTIONS  A.CtU.R  ••NGSfc  AND  LEADING  EDGES** 

INRUT  SURFACE  ELEMENT  DATA 


N 

M  X 

X 

X 

X 

NX 

XCENT 

AREA 

L 

Y 

Y 

Y 

Y 

NY 

YCENT 

DELTA  V 

l 

2 

2 

l 

NX 

KENT 

VOLUNE 

3 

7  -5.50000k-02 

-5.50000E-02 

-1.250006-01 

-1.250006-01 

0.651660 

-T.tSOTlE-02 

3. 029032-03 

21 

5. 620001-02 

0.0 

0.0 

7.03000E-02 

0.197652 

3.1 30052-02 

J. 111262-03 

1.126001-01 

1.250006-01 

1.42000E-01 

1 .460001-01 

0*666661 

1.3713TE-01 

2.I30I0E-03 

SECTION  •  A  TOTAL  AREA  (IF  INPUT  ELEMENTS  •  0.063  TOTAL  NUMBER  OF  ELEMENTS  •  21 

TOTAL  VULUME  OF  INPUT  ELEMENTS  -  0.003 


1 

1 

-1.25000fc-0l 

0.0 

-1.62000E-01 

-1.250006-01 

7  •  10000E-02 
-I.65000C-01 

-l.OOOOOE  00 
2. 660006-01 
-1.650006-01 

-l.OOOOOE  00 
1.950006-01 
-2 .000006-01 

0.092657 

0.221671 

-0.970663 

-3.60039E-01 

I.3I933E-01 

-1.72890E-01 

4.30997E-02 
I.86737E-03 
*. 678162-03 

22 

2 

-1.25000E-01 
7. 10000C-02 
—  1 .65000E-0 1 

-1.25000E-01 

I.25U0UE-01 

-1.020006-01 

-l.OOOOOE  00 
3.22000E-01 
-1.60000E-01 

-1.000006  00 
2.660006-01 
-1 .850006-01 

0*170213 

O.AOIIOA 

-0.TTAIA3 

-S.66962E-01 

1 *966932-01 
-1*631982-01 

6.323862-02 

7. 363062-03 
I.22632E-02 

23 

3 

-1.25000E-01 
1.25000E-01 
-l. 02000 fc-Ql 

-1.250006-01 

1.57OO0E-OI 

-1.800006-02 

-1.000006  00 
3.550006-01 
-7. 500006-02 

-l.OOOOOE  00 
3.2200UE-01 
-1.600006-01 

0.215659 

0.672026 

-0.639392 

-5.636506-01 

2.60055E-0I 

-6.660726-02 

6.672002-02 

1.33681E-02 

2.376I3E-02 

26  1' 

1 

| 

6 

-1.250006-01 
1.570006-01 
-J. 800006-02 

- 1.250006-0 1 
1.670006-01 
0.0 

-l.OOOOOE  OU 
3.600006-01 
-3.500006-02 

-1.000006  00 
3.550006-01 
-7.500006-02 

0.221652 

0.966712 

-0.12)936 

-5.661 786-01 
2.59332E-01 
-3.715156-02 

3. 310012-02 
8.89971E-03 
3.666I0E-02 

23 

5 

-l .250001-01 
1.420006-01 

u.o 

-1.250006-01 

1 .570006-01 
3.S0000E-02 

-1.000006  00 
3.640006-01 
3.20000E-02 

-1.000006  00 
3.60000E-01 
-3.500006-02 

0.206736 

0.962366 

0.176136 

-6.03427E-01 

2.653656-01 

7.762696-03 

6.773302-02 

1.218*12-02 

6. 683033-02 

»  ! 

SECTION 

•  C 

TOTAL  AREA 
TOTAL  VULUME 

OF  INPUT  ELEM6NTS  •  0. 

OF  INPUT  6L6MENTS  •  0. 

33T  TOTAL 

067 

NUMBER  OF 

ELENENTS  • 

26 

1 

1 

-l.OOOOOE  00 
1.95000E-01 
-2. 000006-01 

-l.OOOOOE  00 
.2.6600UE-01 
-l .650006-01 

-1.60000E  01 
2.969006  00 
-9.85000E-01 

-i .600 OOE  01 
2.920006  00 
-l.OOOOOE  00 

0*0*0336 

0*211361 

-0*973181 

-6.49996E  00 

1 .592006  00 
-5.92699E-01 

1.063327  00 

3*  381 992-01 
6*0302.2-01 

27 

2 

-l.OOOOOE  00 
2.66000E-01 
- 1.85000E-01 

-l.OOOOOE  00 
J. 220006-01 
-1.600006-01 

-l.AOOOOE  01 
3.0AAOOE  00 
-9.620002-01 

-1.600006  01 
2.969006  00 
-9.650006-01 

0.131*06 

0*607292 

—0*779822 

-8.63728E  00 
I.6633.E  00 
-3.3*6312-01 

l *086772  00 
1.086*02  00 
1.689632  07 

28 

( 

HYPERSONIC  AKBMKARY-HOOY  PRdGMAN,  MARX  III  MOO  0 

CASE  AT  .  PACE  T 

SECTIONS  A.C.C.X  **Nfl$E  ANO  HADING  EDGES** 


INPUT  SURFACE  ELEMENT  DATA 


N  M 

X 

X 

X 

X 

NX 

XCENT 

AREA 

L 

Y 

Y 

Y 

Y 

NY 

YCENT 

OELTA  V 

2 

l 

2 

l 

N2 

2CENT 

VOLUME 

1  3 

-l.OOOOOE  00 

-l.OOOOOE  00 

-l.AOOOOE  01 

-l.AOOOOE  01 

0.1829 AO 

-8.6 76 786  00 

1.1019/E  00 

29 

3.220001-01 

3.330002-01 

3.076002  00 

3.0-* OOE  00 

0.877966 

1.A9306E  00 

1.A399SE  00 

-l. 60000 E-01 

-7.5U000E-02 

-8.780006-01 

-9.920002-01  -0.662382 

-3.073072-01 

3.1293AE  OC 

6 

-l.OOOOOE  00 

-l.OOOOOE  00 

-l.AOOOOE  01 

-1.400006  01 

0.18)115 

-8.6*30*2  00 

4.0*3922-01 

30 

3. 550001-01 

3.60000E-01 

3.08000E  00 

3.076006  00 

0.9TA7T1 

1.711612  00 

1. 01*022  00 

-7.500001-02 

-3.500006-02 

-I.39000E-01 

-1.780006-01  -0.111284 

-6.368T8E— 01 

6.1633TE  00 

5 

-l.OOOOOE  00 

-1.000002  00 

-1.60000E  01 

-1 .60000 1  0\ 

0.164777 

-8.38006E  00 

9.931 T8E-01 

31 

3.60000E-01 

3.660006-01 

3.06800E  00 

3.080002  O’ 

0.9463*2 

1.691762  00 

I.4240TE  00 

-3.500001-02 

3.200006-02 

-7. 78000E-01 

-8.390006-01 

0.196)39 

— 3.98366E— 01 

3. TATAAE  00 

SECTION  •  G 

TOTAL  AREA 

OF  INPUT  ELENENTS  •  S. 

189  TOTAL 

NUMBER  OF 

ELENENTS  • 

31 

TOTAL  VOLUME 

OF  INPUT  ELEMENTS  •  5. 

768 

l  1 

-1.600002  01 

-1.400006  01 

-3.000006  01 

-3.000006  01 

0.018619 

-2.30140E  01 

9.933A3E-0I 

32 

2.92000E  00 

2.989006  00 

6.21200E  00 

6.162006  00 

0.2109)5 

3.3AT13E  00 

T. 6909*2-01 

-l.OOOOOE  00 

-9.850006-01 

-9.830002-0 1 

-1.000002  00  -0.977327 

-9.923002-01 

6.31*7*2  00 

2 

-1.600002  01 

-1.600006  01 

—3.030006  01 

-3.000002  01 

0.033668 

-2.297*22  01 

9.689312—01 

33 

2.96900E  00 

3.066006  00 

6.264006  00 

6.212006  00 

0.416052 

3.62547E  00 

2.13723E  00 

-9.830002-01 

-9.620006-01 

-9.63000E-01 

-9.850006-01  -0*787660 

-9.63749E-01 

8.873962  00 

3 

-l.AOOOOE  01 

-1.600006  01 

-3.000002  oi 

-3.000002  01 

0.075665 

-2.30166E  01 

1.331612  00 

36 

3.066006  00 

3.098006  00 

6.321006  00 

9.244002  00 

0. 843793 

3.683322  00 

6.8732TE  00 

-9.620002-01 

-8.680002-01 

-••68000E-01 

-9.6)0006-01  -0.698167 

-8.95250E-01 

1.336T2E  01 

SECTION  •  K 

TOTAL  AREA 

OF  INPUT  ELEMENTS  •  8. 

A83  TOTAL 

NUM9ER  OF 

ELENENTS  - 

36 

TOTAL  VOLUME 

OF  INPUT  ELEMENTS  •  13. 

567 

666664 

>666 

666666666 

1  l 

-l.OOOOOE  00 

-l.OOOOOE  00 

-l.OOOOOE  00 

-1.000006  00 

0.0 

-l.OOOOOE  00 

0.0 

35 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.336 TEE  01 

SECTION  •  K 

TOTAL  AREA 

OF  INPUT  ELEMENTS  •  8. 

6(15  TOTAL 

NUMBER  OF 

ELENENTS  * 

35 

TOTAL  VOLUME 

666664 

Of  IN^UT  ELEMENTS  •  1). 

567 

16666 

4 
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MYRLRSUNIC  AkBITRARY-UUOY  PKIGRAMi  HARK  III  NUO  0 

CASH  AT  RAGE  • 

SECTIONS  A,C,G,K  •  ASU  ttAClNG  IDGES«» 


ELEMENT  OATA  MACH* 

19.U04 

All 

•  200000.  S  RCF  • 

152.0 

SPAN  •  8.3 

IMPACT  ■  1 

1MPAC1  • 

0 

XCG  • 

-18.6 

VCG 

-  0.0  ICC 

« 

1.0 

MAC  -  30.0 

ISHAO  -  l 

ISHAO!  ■ 

0 

ANGLE  Of  ATTACK 

•  12.00 

YAW  ANGLE  •  0.0 

K 

■  2.00000  6TAC  »  1. 

0000  06LTA 

6  •  0.0 

1 OEM  IV  *00 

•  0.0 

n  •  o.o 

8-0. 

0 

L 

DEL  CA 

on  cv 

DEL  CN 

OIL 

CU 

06 L  CLM 

06L  CLN 

CP 

AREA 

CA 

tv 

CM 

CLL 

CLM 

CLM 

06LTA 

1 

0.2741 71-04 

0.0 

0.590646-05 

0.0 

0.273716-05 

0.0 

0. 199556 

01 

0. 108946-02 

0.274S7E-04 

0.0 

0.590646-05 

0.0 

0.273716-05 

0.0 

0.872766 

02 

2 

0.2742 TC -04 

0.0 

0 .6702 1 6-05 

0.0 

0.196706-05 

0.0 

0. 196056 

01 

0. 108846-02 

0.SSS99C-09 

0.0 

0. 10688E-04 

0.0 

0.470406-05 

0.0 

0.819536 

02 

S 

0.2AS04E-04 

0.0 

0.253146-05 

0.0 

0.667736-^6 

0.0 

0.190016 

01 

0. 108546-02 

0.  11  BASE-04 

o.o 

0.132206-04 

0.0 

0.537176-05 

0.0 

0. 770886 

02 

A 

0.2SSS2E-04 

0.0 

-0.0 

0.0 

-0.851726-04 

0.0 

0.182526 

01 

0.108936-02 

0. 107426-OS 

0.0 

0.132206-04 

0.0 

0.452006-05 

0.0 

0.728076 

07 

S 

0.244171-04 

0.0 

-0.233406-05 

0.0 

-0.224486-05 

0.0 

0.175196 

01 

0. 108546-02 

O.lSliAE-Ol 

0.0 

0.108I6E-04 

0.0 

0.227336-05 

0.0 

0.693786 

02 

A 

0.2ST0SE-04 

0.0 

-0.406406-05 

0.0 

-0.328046-05 

0.0 

0.1 *94 76 

01 

0. 138846-02 

0. 1SSSAE-0S 

0.0 

0.682196-05 

0.0 

-0.100526-09 

0.0 

0.670036 

02 

T 

0.2 S2SII-04 

0.0 

-0.498876-05 

0.0 

-0.383296-09 

0.0 

0.166296 

01 

0. 108946-02 

0.17M4E-0S 

0.0 

0.183326-05 

0.0 

-0.483816-03 

0.0 

0.497616 

02 

t 

0.S0124E-04 

0.0 

0.364776-04 

0.0 

0.207416-04 

0.0 

0.163846 

01 

0.290136-02 

0.2249 7E-0J 

0.0 

0.383106-04 

0.0 

0.159036-04 

0.0 

0.648386 

02 

« 

0.47444E-04 

0.0 

0.274956-04 

0.0 

0.154336-04 

0.0 

0.155226 

01  ’ 

0.290216-02 

0.27A4AE-0S 

0.0 

0.660056-04 

0.0 

0.313366-04 

0.0 

0.417416 

02 

10 

0.4S012E-04 

0.0 

0.139416-04 

0.0 

0.713176-05 

0.0 

0.140926 

01 

0.290186-02 

0.S1944E-03 

0.0 

0.799466-04 

0.0 

0.384686-04 

0.0 

0.569916 

02 

11 

0.S7740E-04 

0.0 

-0.0 

0.0 

-0.125806-05 

0.0 

0.123076 

01 

0.290616-02 

0.SS722E-0S 

0.0 

0.799466-04 

0.0 

0.372106-04 

0.0 

0.516696 

02 

12 

0. >2 Al 71-04 

0.0 

-0.105786-04 

0.0 

-0.758746-05 

0.0 

0.106636 

01 

0.290176-02 

0.S494SE-0S 

0.0 

0.693686-04 

0.0 

0.296226-04 

0.0 

0.468996 

02 

IS 

0.204S7E-04 

0.0 

-0.168246-04 

0.0 

-0.113006-04 

0.0 

0. 943076 

00 

0.290216-02 

0.4IS71E-01 

0.0 

0.525416-04 

0.0 

0.183226-04 

0.0 

0.433486 

02 

14 

0.2A4A3E— 04 

0.0 

-0.195496-04 

0.0 

-0.129076-04 

0.0 

0.878096 

00 

0.290136-02 

0.444S7E-03 

0.0 

0.329926-04 

0.0 

0.541546-05 

0.0 

0.414996 

02 

MYREASONIC  ARBITRARY-BUOY  PROGRAM,  MARK  III  MOO  0 
CASE  AT 


RAGE  * 


( 


SECTIONS  A.C.G.K  ARNUSE  ANO  LEADING  FOGES99 


LAMENT  OATA  MACH* 

19.084 

ALT 

•  200000.  S  REF  • 

152.0 

SPAN  •  6.3 

IMPACT  •  1 

IMRACI  • 

Q 

XCG  • 

-18.4 

VCG 

•  0.0  ICC 

■ 

1.0 

MAC  •  30*0 

ISHAO  -  1 

ISHAOI  • 

0 

ANGLE  OF  ATTACK 

•  12.00 

YAH  ANGLE  •  0.0 

K 

•  2.00000  ETAC  •  1. 

0000  06LTA 

E  •  0.0 

IOERIV  •  0  (1 

•  0.0 

A  •  0.0 

8-0. 

0 

L 

OEL  CA 

DEL  CY 

06  L  CM 

OIL 

CLL 

DEL  CLN 

061  CLN 

CR 

AREA 

CA 

CY 

CM 

CLL 

CLM 

CLM 

OUT'. 

IS 

0.2I9TIE-09 

0.0 

0. 453066-04 

0.0 

0.270436-04 

0.0 

0.79020E 

00 

0. 302901-02 

0.9.9S9E-05 

0.0 

0.782996-04 

0.0 

0.324596-04 

0.0 

0. IB9.SE 

02 

u 

0,21  3BBE-09 

0.0 

0.323786-04 

0.0 

0.191846-04 

0.0 

0.70  T’E 

00 

0. 503901-02 

0. 990932-03 

0.0 

0. 110686-03 

0.0 

0. 514436-04 

0.0 

0.14 ,846 

02 

17 

Q.U414E-04 

0.0 

0.142376-04 

0.0 

0.818516-05 

3.0 

0.SSS02C 

00 

0.S029SC— 02 

0.S07.SE-0I 

0.0 

0.124916-03 

0.0 

0.598286-04 

0.0 

0.318BSE 

02 

1. 

0. 12044E-04 

0.0 

-0.0 

0.0 

-0.40)206-04 

0.0 

0.A002SE 

00 

0. 302202-02 

0.SI494E-0) 

0.0 

0.124916-03 

0.0 

0.594256-04 

0.0 

0.26974E 

02 

1. 

O.S2042E-0S 

0.0 

-Or  690466-05 

0.0 

-0.451796-05 

0.0 

0.2707IE 

00 

0.S029SE-02 

O.S2B1SE-OS 

0.0 

0.118016-0* 

0.0 

0.349076-04 

0.0 

0.219S4E 

02 

IS 

O.S.3I3E-OS 

0.0 

-0.852486-05 

0.0 

-0.542646-05 

0.0 

0.1BS30E 

00 

0.30390E— 02 

0.SI3T0L-03 

0.0 

0.109486-03 

,0.0 

0.494806-04 

0.0 

0.  1 7  72  IE 

02 

II 

0.934.SE-OS 

0.0 

-0.825296-05 

0.0 

-0.521726-05 

0.0 

0. 14394E 

00 

0. 502902-02 

0.SSI1SE-0S 

0.0 

0.101236-03 

0.0 

0.442636-04 

0.0 

0.1SSA2E 

02 

12 

0.1JU1E-04 

0.0 

0.1)7676-03 

0.0 

0.822726-04 

0.0 

0.17082E 

00 

0.931002-01 

O.SS12AE-OS 

0.0 

0.2J890E-0S 

0.0 

0.124546-0) 

0.0 

0.1A99SE 

02 

21 

0.S0S44E-D4 

0.0 

0.138386-03 

0.0 

0.820236-04 

0.0 

0.214.3E 

00 

O.9S23SE-0I 

0.5B144E-03 

0.0 

0.377286-0) 

0.0 

0.208566-03 

0.0 

0.19USE 

02 

24 

0.SSSAAE-04 

0.0 

0.683896-04 

0.0 

0.398986-04 

0.0 

0.K277E 

00 

0. 997202-01 

O.A1S22E-OS 

0.0 

0.445476-0) 

0.0 

0.248466-03 

0.0 

0.I7S9EE 

02 

IS 

0. 124S4E-04 

0.0 

0.689556-05 

0.0 

0.371456-05 

0.0 

0.II97SE 

00 

0. 3S300E-01 

0.42 74B2-03 

0.0 

0.452566-0) 

0.0 

0.252176-03 

0.0 

0.191AM 

02 

24 

0.  T34I9E-03 

0.0 

-0.417176-05 

0.0 

-0.394706-05 

0.0 

0.SA927E-0I 

0. 977151-01 

O.AJSOBE-OJ 

0.0 

0.444)96-03 

0.0 

0.248226-0) 

0.0 

0.966986 

01 

27 

0.2134SE-03 

0.0 

0.2)0176-02 

0.0 

0. 76355E-01 

0.0 

0. 169016 

00 

0.10A3SE  01 

0.B4B73E-03 

0.0 

0.274806-02 

0.0 

0. 101186-02 

0.0 

0. 169006 

02 

2t 

0.41944E-03 

0.0 

0.215326-02 

0.0 

0.707616-03 

0.0 

0.193096 

00 

0.10BAM  01 

0.I2AB2E-02 

0.0 

0.4901 lt-02 

0.0 

0.171946-02 

0.0 

0.181036 

02 

B-20 
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HYPERSONIC  ARBITRARY- BODY  PROGRAM.  MARR  III  MOO  0 
CASC  AT 

SECTIONS  AtC.GiK  ’’NOSE  AND  LEADING  EDGES** 
ELEMENT  DATA  MACH*  19.0E4  ALT  •  200000.  S  REF  • 


192.0  SPAN  ■  1.3  IMPACT  *  1  IMPACI  •  6 


XCG  • 

ANGLE  OF  ATTACK 
I0ER1V  *00 

-10.6 
•  12.00 
■  0.0 

YCG  •  0.0  2CG 

YAM  ANGLE  •  0.0 

R  *  0.0 

K 

1.0  MAC  •  30.0 

•  2.00000  ETAC  •  1. 

P  •  0.0 

ISHAD  *  1 

0090  DELTA 

ISHADI  ■  0 

E  •  0.0 

l 

OEL  CA 

CA 

OEL  CV 
CY 

DEL  CN 

CN 

DEL  CLL 
Cll 

DEL  CLN 

CLM 

OIL 

CLN 

CLN 

CP 

DELTA 

AREA 

29 

0.3094IE-01 

0.1A9TAE-02 

0.0 

0.0 

0.94172E-03 

0.9S430E-02 

0.0 

0.0 

0.29R20E-03 
0.2017*1-0 2 

0.0 

0.0 

O.IAAEtl  00 
0.I9T20E  02 

0.1I020E 

01 

30 

0.1199  TE-01 

0. 1T7T2E-02 

0.0 

0.0 

0.72**41-04 

0. 99196E-02 

0.0 

0.0 

0.1IT90E-0A 

0.203A3E-02 

0*0 

0.0 

0. •19111-01 
0.I1AA9E  02 

0. *0*999 

00 

31 

0.A21B3E-U* 

0. 1B39AE-02 

0.0 

0.0 

-O.T4332E-04 

0.9B413E-02 

0.0 

0.0 

-0.2B231E-04 

0.200BIE-02 

0.0 

0.0 

0.209711-03 
0.A9I2AE  01 

0.99II0E 

00 

32 

0.23A19E-0* 

0. 1BA12E-02 

0.0 

0.0 

0.12930E-02 

0. T0941E-02 

0.0 

0.0 

-0.11*012-07 

0.112211-02 

0.0 

0.0 

0. 9TBTIE-01 
0.12TI0E  02 

0.9999AE 

00 

33 

0.A391BE-0* 

0.192T1E-02 

0.0 

0.0 

0.93R47E-09 

U.B092BE-02 

0.0 

0.0 

-0.14I0BE-03 

0.IAB10E-02 

0.0 

0.0 

0.934 T9E-01 
0.124**1  02 

0.9AB99E 

00 

34 

0.99AATE-04 

0.2022BE-02 

0.0 

0.0 

0. *11*11-01 

0, 8AA49E-02 

0.0 

0.0 

-0.9R999E-04 
0.1912 0E-02 

0.0 

0.0 

0.A2921E-01 
0.I021TE  02 

0.1931AE 

01 

19 

0.0 

0.2022BE-02 

0.0 

0.0 

-0.0 

0. BA649E-02 

0.0 

0.0 

0.0 

0.19I20E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

HYPERSONIC  ARBITRARY-BODY  PROGRAM,  MARK  III  MOO  0 
CASE  AT 

SECTIONS  A.C.G.K  **NOSE  ANO  IEAOING  EDGES** 

MACH*  19. UR*  VEl*  19999.9  PT/SEC  RE/PT  •  0.3U9TE  09 

ALT  •  200000. 


PAGE  It 


S  REF  •  192.00  SPAN  • 
X  CG  •  -IB. AO  Y  CG  « 


0.10 

0.0 


MAC  • 
2  CG  • 


30,00 

1.00 


FORCE  DATA 


CONTROL  DATA 


ALPHA 

c  0 

C  L 

C  A 

C  Y 

C  N 

K 

inpact 

ITAC 

INPACI 

DELTA 

BETA 

L/0 

CY  6 

C  N 

CLN  0 

C  LI 

cu  0 

C  LN 

C  F 

0/0  INF 

ISMAD 

ENPM 

ISHAOI 

•>.00 

0.00173 

0.00342 

0.001*3 

0.0 

0.00335 

2.90000 

1 

1.3000 

0 

0.0 

0.0 

1.97094 

0.0 

0.00070 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

7.00 

0.00213 

0.00*33 

0.00130 

0.0 

0.00470 

2.00000 

1 

1.0000 

0 

0.0 

0.0 

2.1 1920 
0.0 

0.00099 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

10.00 

0.00302 

0.00633 

0.00103 

0.0 

0.00690 

2.00000 

1 

1.0000 

0 

0.0 

0.0 

2.11208 

-O.OOU82 

0.00133 

-0.00039 

0.0 

0.00001 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

12.00 

0.00378 

0.00003 

0.00202 

0.0 

0.00066 

2.00000 

l 

1.0000 

0 

0.0 

0.0 

2.13081 

0.0 

0.00130 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

4 

1.0000 

0 

13.00 

0.00324 

0.01032 

0.00234 

0.0 

0.01151 

2.00000 

I 

1.0000 

0 

0.0 

0.0 

2.00878 

0.0 

0.00190 

0.0 

9.0 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

19.00 

0.00324 

0.01032 

0.00234 

0.0 

0.01151 

2.00000 

1 

1.0000 

0 

0.0 

0.0 

2.00070. 

0.0 

0.00190 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

THESE  DATA  HAVE 

UfcCN  SAVED  TOM  SUMMATION 

SEC? 1UN 

*  I 

TOTAL  AKEA 

Ilf 

INPUT 

ELEMENTS 

a 

18.000 

TOTAL 

NUMBER 

OP 

CLEMENTS 

a 

10 

TOTAL  VOLUME 

UP 

INPUT 

elements 

■ 

7.202 

sect  ion 

■  E 

TOTAL  AKEA 

OF 

INPUT 

ELEMENTS 

■ 

18.282 

TOTAL 

NUMBEA 

OP 

elements 

a 

19 

TOTAL  VOLUME 

Of 

INPUT 

ELEMENTS 

■ 

7.215 

SfcCI 1UN 

•  M 

TOTAL  AKEA 

OF 

INPUT 

ELEMENTS 

a 

24.142 

TOTAL 

NUMBER 

UP 

ELENENTS 

a 

23 

IUTAL  VOLUME 

OF 

INPUT 

ELEMENTS 

a 

10.576 

SECTION 

-  g 

TOTAL  AKEA 

Of 

INPUT 

ALIMENTS 

a 

46.000 

TOTAL 

NUMBfcR 

UP 

ELENENTS 

a 

30 

TOTAL  VOLUME 

JF 

INPUT 

ELEMENTS 

a 

ll.TI! 

SECTION 

■  g 

TOTAL  AKEA 

OF 

INPUT 

tlEMENTS 

a 

64.000 

TOTAL 

NUMB EM 

OF 

ELEMENTS 

a 

31 

TOTAL  VUlUMfc 

OF 

>••1 

INPUT 

ELEMENTS 

a 

*< 

21.925 

B-21 
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HYPERSONIC  AABITAAAY-BCOV  PROGRAM.  MARK  III  MOO  0 
CUI  »T 

SECTIONS  E.l.M.Q  4P70P44 

MACH"  14.0*4  VEL"  14444.4  FT/SEC  RE/FT"  0.  JUSTE  OS 
ACT  ■  200000. 


S  REP 

■  1S2.00 

SPAN  ■ 

0.10  MAC  •  10 

.00 

1  C« 

■  -10.40 

Y  CO  ■ 

0.0  1 

CO  •  1 

.00 

FORCE  OATA 

CONTROL 

OATA 

ALPHA 

C  0 

C  L 

C  A 

C  Y 

C  N 

K 

IMPACT 

ETAC 

IMPACI 

OEITA  £ 

ACTA 

I/O 

C  M 

C  LL 

C  LN 

C  F 

Q/Q  INF 

ISHAD 

ENPM 

ISHAD! 

CV  0 

CLN  0 

CLL  1 

S.00 

0.00004 

-0.00471 

0.00127 

0.0 

-0.00444 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

-S.S0S44 

-0.00144 

0.0 

0.0 

0.0 

1 • 00000 

S 

1.0000 

0 

0.0 

0.0 

0.0 

T.00 

0.00044 

-0.00225 

0.000T1 

0.0 

-0.00210 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

-4.04440 

-0.00102 

0.0 

0.0 

0.0 

l. 00000 

1 

l .0000 

0 

0.0 

0.0 

0.0 

10.00 

0.00021 

0.00011 

0.00020 

0.0 

0.00017 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

O.SOOOl 

-0.00040 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

-0.00014 

-0.00032 

-0.00001 

12.00 

0.00021 

0.00101 

-0.00001 

0.0 

0.00104 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

4.52742 

-0.00014 

0.0 

0.0 

0.0 

1.00000 

S 

1.0000 

0 

0.0 

0.0 

0.0 

1S.OO 

0.00020 

0.00142 

-0.00010 

0.0 

0.00145 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

5.04444 

-0.00004 

0.0 

0.0 

0.0 

1.00000 

S 

1.0000 

0 

'  0.0 

0.0 

0.0 

IS.  00 

0.00020 

0.00142 

•0.00010 

0.0 

0.00145 

2.00000 

s 

1.0000 

0 

10.00 

0.0 

5.04444 

-0.00004 

0.0 

0.0 

0.0 

1.00000 

s 

1.0000 

n 

0.0 

0.0 

0.0 

TMU  DATA  HAVE  WEN  SAVED  EON  SUMMATION 

HYPERSONIC  ARBI7RARY-400Y  PROGRAM.  NARK  III  NOD  0 
CASE  AT 

INVISCIO  LEAD.  EDMS  A  NO  TOP 

MACH*  10.004  VEL"  10004.0  FT/SEC  RF/FT  •  O.UDTI  OS 
ALT  •  200000. 


S  REP  ■  152.00 
K  CC  ■  -10.40 

DRCO  DATA 

SPAN  ■ 

v  cc  • 

O.SO  MAC  • 

0.0  2  CC  ■ 

30.00 

1.00 

CONTROL 

OATA 

ALPHA 

C  0 

C  L 

C  A 

c  v 

C  N 

K 

IMPACT 

ETAC 

IMPACI 

OfeLTA  E 

SCTi 

L/0 

CV  0 

C  N 

CLN  0 

C  LL 
CLL  8 

C  LN 

Cf 

Q/0  DF 

ISHAO 

ENPN 

ISHAO! 

5.00 

0.00214 

-0.00111 

0.002  TO 

0.0 

-0.00100 

2.00000 

3 

1.0000 

0 

0.0 

0.0 

-0.50714 

0.0 

-0.00004 

0.0 

0.0 

0.0 

0.0 

0.0 

L. 00 000 

3 

1.0000 

0 

7.00 

0.00241 

0.00211 

0.00231 

o.o 

0.00241 

2.00000 

5 

i.0000 

0 

0.0 

0.0 

0.00404 

0.0 

-0.00001 

0.0 

0.0 

0.0 

o.o 

0.0 

l. 00000 

3 

1.0000 

0 

10.00 

0.00124 

0.00444 

0.00201 

0.0 

0.00T15 

2.00000 

3 

1.0000 

0 

0.0 

0.0 

2.04044 

-0.00114 

0.00041 

-0.00041 

0.0 

-0.00000 

0.0 

0.0 

l. 00000 

3 

1.0000 

0 

12.00 

0.00401 

0.00404 

0.00202 

0.0 

0.00472 

2.00000 

9 

1.0000 

0 

0.0 

0.0 

2.24704 

0.0 

0.00142 

0.0 

0.0 

o.o 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

15.00 

0.00552 

0.01144 

0.00224 

0.0 

0.01244 

2.00000 

3 

1 .  oooo 

0 

0,0 

0.0 

2.14519 

0.0 

0.00143 

0.0 

0.0 

0.0 

0.0 

0.0 

l. 00000 

3 

1.0000 

0 

15.00 

0.00992 

0.01144 

0.00224 

0.0 

0.01244 

2.00000 

3 

1.0000 

0 

10,00 

0.0 

2.14515 

0.0 

0.0014S 

0.0 

0.0 

0.0 

0.0 

0.0 

1 • 00000 

3 

1.0000 

0 

THESE  OATA  ARC  THE  SUMMATION  OF  2  COMPONENTS  PREVIOUSLY  SAVED 


SEC  I  ION  •  0  TOTAL  AREA  OF  INPUT  ELEMENTS  • 
TOTAL  VOLUME  OF  INPUT  ELEMENTS  • 


TOTAL  NUMBER  OF  ELEMENTS  • 


SECTION  •  H  TOTAL  AREA  OF  INPUT  ELEMENTS  >  28. 13S  TUTAL  NUMBER  OF  ELEMENTS  •  8 

TOTAL  VOLUME  OF  INPUT  ELEMENTS  •  41.S4S 


SECTION  •  l  TOTAL  AREA  OF  INPUT  ELEMENTS  •  14.040  TOTAL  NUMBER  OF  ELEMENTS  •  14 

TOTAL  VOLUME  OF  INPUT  ELEMENTS  ■  43.ST0 


SECTION  •  P  TOTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 


AT. 211 
US. 432 


TOTAL  NUMBER  OF  ELEMENTS  • 


SECTION  •  P  TUTAL  AREA  OF  INPUT  ELEMENTS 
TOTAL  VOLUME  OF  INPUT  ELEMENTS 


47.211 
US. 432 


TOTAL  NUMBER  OF  ELEMENTS  • 


B-22 


PAC.fr  (A 


HYPERSONIC  ARBI TRARV-BOOV  PROCRAP**  HARK  III  MOD  0 
CASE  67 

SECTIONS  0*H*L  *  P  44HEDCE  SIDES** 

MACH-  19.014  VwL-  19999.9  FT/SEC  RE/FT  *  0.31 l 57E  05 

ALT  -  200000. 


S  XEF  •  1.2*00 
X  CC  •  -11.60 

FORCE  0616 

SPAN  ■ 

Y  CG  • 

6.30  MAC  -  30 
0.0  l  CG  -  1 

.00 

.00 

CONTROL 

DATA 

ALPHA 

C  0 

C  L 

C  A 

C  Y 

C  N 

K 

IMPACT 

ETAC 

IMPACI 

OEI  TA 

BETA 

I/O 

CY  6 

C  M 

CLN  6 

C  LL 
CLl  B 

C  LN 

C  F 

g/U  INF 

I  SHAD 

ENPN 

1  SHAD  I 

5.00 

0.00100 

-0.00329 

0.00128 

0.0 

-0.00319 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

-3.30116 

0.0 

-0.00105 

0.0 

0.0 

0.0 

0.0 

0.0 

I. 00000 

3 

1.0000 

0 

7.00 

0.00069 

-0.00227 

0.00096 

0.0 

-0.00217 

2.00000 

5 

1 . 000c 

0 

0.0 

0.0 

-3.29181 

0.0 

-0.00082 

0.0 

0.0 

0.0 

0.0 

0.0 

l . 00000 

3 

1.0000 

0 

10.00 

0.00039 

-0.00101 

0.00056 

0.0 

•0.00093 

2.00000 

5 

1.0000 

0 

n.n 

0.0 

-2.56629 

-0.00166 

-0100052 

-0.00137 

0.0 

0.00022 

0.0 

0.0 

1,00000 

2 

1.0000 

0 

12. 10 

0.00026 

-0.00014 

0.00029 

0.0 

-0.00008 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

-0.52338 

0.0 

-0.00031 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

15.00 

0.00023 

0.00015 

C.OOOli 

0.0 

0.00040 

2,00000 

5 

1.0000 

0 

0.0 

0.0 

1.53396 

0.0 

-0.00019 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

15.00 

0.00023 

0.00035 

0.00013 

0  •  0 

0.00040 

2.00000 

5 

1.0000 

0 

10.00 

0.0 

1.63396 

0.0 

-0.00019 

0.0 

0.0 

0.0 

0.0 

0.0 

1 . 00000 

3 

1.0000 

0 

THESE  DATA  HAVE  BEEN  SAVED  FOR  SUMMATION 


HYPERSONIC  ARBITRARY-BODY  PROGRAM*  MARK  III  MOO  0 

CASE  67  *AGF  15 


INVISCIO  LEAD.  EDGES*  TOP*  SIOES 

MACH-  19.014  VEL-  19999.9  FT/SEC  RE/FT  -  0.31157E  05 

ALT  -  200000. 


S  REF 

•  152.00 

SPAN  • 

0.30  MAC  - 

30.00 

X  CG 

-  -16.60 

V  CG  ■ 

0.0  2 

CG  • 

1.00 

FORCE  DATA 

CONTROL  OATA 

ALPHA 

C  D 

C  L 

C  A 

C  Y 

C  N 

K 

IMPACT  ETAC 

IMPACI 

DELTA 

•ETA 

I/O 

C  M 

C  LL 

C  LN 

C  F 

0/Q  INF 

ISHAD  ENPM 

ISHADI 

CY  B 

CLN  B 

CLL  B 

5.00 

0.00359 

-0.00461 

0.00390 

0.0 

-0.00420 

2.00000 

5  1.0000 

0 

0.0 

0.0 

•1.20336 

-0.00192 

0.0 

0.0 

0.0 

1.00000 

3  1.0000 

0 

0.0 

0.0 

0.0 

7.00 

0.00330 

J.00004 

0.00327 

0.0 

0.00044 

2.00000 

5  1.0000 

0 

0.0 

0.0 

0.01149 

-0.00085 

0.0 

0.0 

0.0 

l.ooooo 

3  1.0000 

0 

0.0 

0.0 

0.0 

# 

10.00 

0.00364 

0.00560 

0.00260 

0.0 

0.00622 

2.00000 

5  1.0000 

0 

n.o 

0.0 

1.55975 

0.00041 

0.0 

0.0 

0.0 

1.00000 

3  1.0000 

0 

-0.00204 

-0.00227 

0.00022 

12.60 

0.  10427 

0.00895 

0.00230 

0.0 

0.00965 

2.00000 

5  1.0000 

0 

0.0 

0.0 

2.U9631 

0.00111 

0.0 

0.0 

0.0 

1.00000 

3  1.0000 

0 

0.0 

0.0 

0.0 

15.00 

0.00574a 

0.01229 

0.00237 

0.0 

0.01336 

2.00000 

5  1.0000 

0 

0.0 

0.0 

2.14010 

0.00174 

0.0 

0.0 

0.0 

1 . 00000 

3  1.0000 

0 

0.0 

0.0 

0.0 

15.00 

0.00574 

0.01229 

0.00237 

0.0 

0.01336 

2 . OOOOO 

5  1.0000 

0 

10.00 

0.0 

2.14018 

0.00174 

0.0 

0.0 

0.0 

t . OOOOO 

3  1.0000 

0 

0.0 

0.0 

0.0 

these  oata  are  the  summation  of  3  components  previously  saved 
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SECIIUN  •  X  101*1  AREA  01  INP01  ELEMENTS 
TOTAL  VOLUME  Uf  INPUI  ELEMENTS 


IT. 721  101*1  NUMBER  OF  ELEMENTS  •  1 

66.166 


SECTION  •  N  TOTAL  AHtA  01  INPUT  LLEMLN1S 
TOTAL  VOLUME  OF  INPul  ELEMENTS 


J  T. 721  TOTAL  NUMBEA  01  ELEMENTS  •  2 

ot.  n* 


*»•••«««* 


HVPEKS0N1C  ARBITRARV-BOOY  PMOCKAM,  PARK  III  MOO  0 

CASE  6?  PACE  16 

SECTION  N  PPA1T  SIUE  EIN** 


MACH*  19.0*6  VEL*  19999.9  I  l/SEC  Kt/EI  •  0.  JUSTE  US 

ALT  •  200000. 


S  REF  •  15?. 00 
X  CO  •  -Id. 60 

FORCl  OATA 

SPAN  • 

Y  CO  • 

i. 30  MAC  ■ 

0.0  l  cc  • 

30.00 

1.00 

CONTROL 

OATA 

ALPHA 

C  0 

C  L 

C  A 

C  V 

C  N 

R 

IMPACT 

MAC 

IMPACI 

DELTA  E 

it  f  A 

I/O 

CY  i 

C  M 

CLN  D 

L  U 

UL  H 

C  IN 

C  7 

0/0  INF 

ISHAD 

ENPM 

ISHAOI 

5.00 

0.00014 

0.00346 

0.00053 

0.0 

U. JO  352 

2.00000 

5 

l.f'OOO 

0 

0.0 

0.0 

4. 12326 
0.0 

-O.OOOA1 

0.0 

C.O 

0.0 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

7.00 

0.00124 

0.00445 

0.00064 

0.0 

0.00457 

2.0'  JOO 

5 

l.OPJO 

0 

0.0 

0.0 

3.573/0 

0.0 

-0.00105 

ti.O 

C.O 

C.O 

0.0 

0.0 

1.0U000 

3 

l.sooo 

0 

10.00 

0.410206 

0.00611 

0.00097 

0.0 

0.00637 

2.00000 

5 

1  .0000 

o 

0.0 

0.0 

?.«U5t7 

-0.00/04 

-0.00147 

0.00175 

0.0 

-t. 00034 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

12.90 

U. 00307 

0.00701 

0.00126 

0.0 

0.00ft 30 

2.00000 

5 

i.oooo 

0 

0.0 

0.0 

2.54744 

0.0 

-0.00141 

0.0 

0.0 

0.0 

n#0 

0.0 

1.00000 

3 

1.0000 

0 

15.00 

0.00404 

0.00923 

0.00151 

0.0 

0.00496 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

2.20537 

0.0 

-0.00229 

0.0 

0.0 

0.0 

4.0 

0.0 

1.00000 

3 

1.0000 

0 

15.00 

0.00404 

0.00423 

0.00151 

0.0 

0.00946 

2.00000 

5 

1.0000 

0 

10.0 

J.O 

2.20537 

0.0 

-0.00224 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

THLSL  OATA  HAVE  BUN  SAVED  FClk  SUMMATION 


HYPERSONIC  AM«I1AAMV-m0UY  PMOCPAM,  MARK  III  MOO  0 

CASE  *T  PACE  IT 

INV1SCI0  l.E.i  IOP.  SIOESi  SIDE  FIN 

MACH*  19.0*6  VEL*  19999.9  FT/SEC  RE/FT  •  O.illSTE  OS 
ACT  ■  200000. 


S  REF 

•  152.00 

SPAN  •  ■ 

9.30  MAC 

•  10. 

00 

«  cc 

«  -l».60 

r  co  • 

0.0  2  CG  ■  1. 

00 

FORCE  OATA 

CONTROL 

DATA 

ALPHA 

C  0 

C  L 

C  A 

C  V 

C  N 

A 

IMPACT 

ETAC 

IMPACI 

DELTA  C 

BETA 

L/D 

C  M 

C  LL 

C  IN 

C  F 

Q/Q  INF 

ISNAO 

ENPM 

ISHAOI 

CY  i 

CLN  9 

CLL  9 

>.00 

0.00443 

-0.00115 

0.00451 

0.0 

-0.00076 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

-0. 25407 

-0.00273 

0.0 

0.0 

0.0 

1 .00000 

3 

1.0000 

0 

0.0 

0.0 

0.0 

1.00 

0.00454 

0.00444 

0.00396 

0.0 

0.00501 

2.00000 

5 

1.0000 

0 

0.0 

u.O 

O.VA775 

-0.00190 

0.0 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

0.0 

0.0 

0.0 

10.00 

0.00570 

0.01179 

0.00357 

0.0 

0.01259 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

2.06742 

-0.00106 

0.0 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

-0.00419 

-0.00053 

-0*00012 

12.00 

0.00714 

0.01976 

0.00356 

0.0 

0.01794 

2,00000 

5 

1.0000 

0 

0.0 

0.0 

2.29440 

-0.00080 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

0.0 

0.0 

0.0 

IS.00 

0.00479 

0.02152 

0.00399 

0.0 

0.02312 

2.00000 

5 

1.0000 

0 

0.0 

P.0 

2.20014 

-0.00055 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

0.0 

0.0 

0.0 

is. oo 

0.00479 

0.02152 

0.00198 

0.0 

0.02332 

2.00000 

5 

1.0000 

0 

10.0 

0.0 

2.20014 

-0.00055 

0.0 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

0.0 

0.0 

OpO 

these  data  are  the  summation  uf  a  components  previously  savfo 
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SECTION  •  0  TOTAL  AAtA  UF  INPUT  ELEMENTS  •  7*. ASA 

TOTAL  VOLUME  OF  INPUT  ELEMENTS  •  O.U 


TOTAL  NUMBER -OF  ELEMENTS  •  1 


StCf  ION  •  0  TOTAL  AREA  OF  INPUT  ELEMENTS  •  2*. AS* 

TOTAL  VOLUME  OF  INPUT  ELEMENT S  •  0.0 


TOTAL  NUMBER  OP  ELEMENTS  •  2 


HYPERSONIC  ARBITRARY-BODY  PROGRAM,  MARK  III  MOD  0 

CASE  AT  PACE  M 

SECTION  0  ♦•AFT  UPPER  RAMP*P 

MACH.  19. OS*  VEL.  19999.9  FT/SEC  KE/FT  •  O.SllSTF  OS 
ALT  •  200000. 


*  R£F  -  152.00 
X  CG  -  -la. 60 

FURCfc  OATA 

SPAN  • 

Y  CC  - 

8.10  MAC  *  10. 
0.0  2  CC  -  I. 

00 

00 

CONTROL 

DATA 

ALPHA 

C  0 

C  L 

C  A 

C  Y 

C  N 

K 

IMPACT 

ETAC 

IHPACI 

DELTA 

•ETA 

1/0 

CY  B 

C  H 

CLN  B 

C  LI 
CLL  A 

C  IN 

t  F 

0/0  INF 

ISHAO 

ENPM 

ISMAOI 

5.00 

0.00021 

-0.00136 

0.00052 

0.0 

-0.00131 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

-1%. 73*27 
O.U 

0.00074 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

7.00 

0.00001 

-0.00086 

0.00011 

0.0 

-0.00085 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

-10. *22*9 
0.0 

0.00010 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

10.00 

0.00001 

0.00053 

-0.00008 

0.0 

0.00051 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

51.27208 

0.0 

-0.00012 

O.U 

0.0 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

12.  *0 

0.00008 

0.00112 

-0.00017 

0.0 

o.ooin 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

14.60141 

0.0 

-0.00025 

0.0 

0.0 

0.9 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

15.00 

0.00011 

0.00121 

-0.00019 

0.0 

0.00121 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

9.11050 

0.0 

-0.00027 

0.0 

C.O 

0.0 

0.0 

0.0 

1.00000 

1 

l .0000 

0 

15.00 

0.00011 

0.00123 

-0.00019 

0.0 

0.00121 

2.00000 

5 

1.0000 

0 

10.0 

0.0 

9.11050 

0.0 

-0.00027 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

THESE  OATA  HAVE  BIER  SAVED  FOR  SUMMATION 


HYPERSONIC  ARBITRARY— BODY  PROGRAM,  MARK  III  MOO  0 

CASE  AT  PAGE  19 

I NV I  SC 10  L.I.,  IOP,  SIDES,  SIDE  FIN,  UPPER  RAMP 

MACH.  19. OB*  VEL*  19999.9  FT/SEC  RE/FT  -  0.311571  OS 

ALT  •  200000. 


S  KEF 

■  152.00 

SPAN  » 

e.jo  mac  • 

10.00 

X  CC  •  -18.60 

FORCE  UATA 

V  10  - 

0.0  7 

CC  • 

1.00 

CONTROL  OATA 

ALPHA 

C  0 

C  L 

C  A 

C  Y 

t  N 

K 

IMPACT  MAC 

IMPAC1 

DUTA  E 

BETA 

I/O 

CY  8 

C  N 

UN  B 

C  LL 

CLL  H 

C  LN 

t  F 

0/0  INF 

ISHAO  INPM 

ISHAOI 

5.00 

0  /  TA66 

-0.00*51 

0.00501 

U.O 

-(..00*09 

2.00000 

5  1.0000 

0 

0.0 

0.0 

— 0 . *6891 
0.0 

-0.UU199 

0.0 

0.0 

0.0 

0.0 

O.U 

1.00000 

3  1.0000 

0 

7.00 

0.00457 

0.00162 

0.00*09 

0.0 

0.00*15 

2.00000 

5  1.0000 

0 

0.0 

0.0 

0.79270 

0.0 

-0.00171 

0.0 

0.0 

C.O 

0.0 

0.0 

1.00000 

3  1.0000 

0 

10.00 

0.00571 

0.01231 

0.001*8 

0.0 

0.01312 

2.00000 

5  1.0000 

0 

0.0 

0.0 

2.15745 

-0.00*88 

-0.00117 

-0.00053 

0.0 

-0.00012 

0.0 

0.0 

1.00000 

3  1.0000 

0 

12.80 

0.007*1 

0.01 7BB 

0.00139 

U.O 

0.01905 

2.00000 

5  1.0000 

0 

0.0 

0.0 

2. *1209 
0.0 

-0.0010* 

0.0 

0.0 

0.0 

0.0 

0.0 

1 .00000 

3  1.0000 

0 

15.00 

0.00991 

0.02275 

0.00169 

0.0 

0.02*5* 

2.00000 

5  1.0000 

0 

0.0 

0.0 

2.29521 

0.0 

-O.OOOAl 

0.0 

0.0 

C.O 

0.0 

0.0 

1.00000 

3  1.0000 

0 

15.00 

0.00991 

0.02275 

0.00369 

0.0 

0.0245* 

2.00000 

5  1.0000 

0 

10.0 

0.0 

2.29521 

0.0 

-0.000*  > 
0.0 

0.0 

C.O 

0.0 

0.0 

1.00000 

3  1.0000 

0 

THESk  OATA  AML  Thf 

SUMHA! ION 

t'F  5 

CGMPUNl NTS 

PREVIOUSLY  SAVED 
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IOTU  NUMBER  Of  ELEMENTS  • 


1 


sect  ION 


*  tom  ARtA  Of  INPU1  ELENENtS  - 
tOTAl  VOLUME  n»  INPUt  EltNlNTS  • 


I.S»A 

0.016 


section  •  *  tom  me*  or  inpui  clehenis  • 
tom  VOLUMfc  Of  INPUt  EltMENIS  • 


I.S46  tOtAL  NUMBER  OP  ELINENtS  •  6 

0.07* 


HYPERSONIC  ARBIIRARY-BUUY  PkuORAM.  HANK  III  MOO  0 
CASE  *7 


PACE  EO 


SEC  1 1  ON  «  •  •VIRTUAL  fIN  HADING  EDGE** 

MACH*  l«. OS*  VEl*  IVVM.B  tt/SEC  KE/f t  •  O.JIIST'  06 
ACT  •  tOOOOO. 


S  REP 

•  152.00 

SPIN  • 

i.10  MAC  • 

10.00 

X  CG 

•  -11.10 

v  to  ■ 

0.0  f 

cc  ■ 

1.00 

P0RCE  DATA 

ALPHA 

C  0 

c  l 

C  A 

C  V 

C  N 

•  LIA 

I/O 

C  M 

c  u 

C  IN 

C  f 

cv  i 

CIN  5 

CLl  i 

>.00 

0.00051 

-0.00125 

0.00041 

0.0 

-0.00120 

0.0 

-2.171*1 

0.00U4 1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7.00 

0.00022 

-0.00057 

0.00020 

0.0 

-0.0005) 

0.0 

-2.02421 

0.00014 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10.00 

0.00001 

-0.00004 

0.00005 

0.0 

-0.00004 

o«o 

-1.1015) 

0.00001 

0.0 

0.0 

0.0 

-0.00000 

0.00000 

-0.00000 

12.00 

0.00001 

-0.00001- 

0.00002 

0.0 

-O.OUOO) 

0.0 

-1.5145) 

0.00001 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

l>.00 

0.00000 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

u.u 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1>.  00 

0.00000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.U 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7 ME  SI  UAtA  HAVE  BEEN  SAVED  FOR  SUM.'.*!  ION 


CONTROL  UAtA 


K 

IMPACT 

ETAC 

IMPACI 

DUTA  E 

o/o  im 

tSHAD 

ENPM 

ISHADI 

2.00000 

1 

1.0000 

0 

0.0 

0.11400 

1 

1.0000 

0 

2.00000 

1 

1.0000 

0 

0.0 

0.14700 

1 

1.0000 

0 

2.00000 

1 

1.0000 

0 

0.0 

0.0)400 

1 

1.0000 

0 

2.00000 

1 

1.0000 

0 

0.0 

0.01700 

1 

1.0000 

0 

2.00000 

1 

1.0000 

0 

0.0 

0.0 

1 

1 .0000 

0 

2.00000 

I 

1.0000 

0 

!0.0 

0.0 

1 

1.0000 

0 

HYPERSONIC  APBI1RARY-HPOY  PROGRAM,  MARK  III  MOO  0 

CASE  67  PACE  21 

INVISCIU  E.E.t  top,  SIDES,  Slut  PIN,  UPPtR  RAMP,  TAIL  l.E. 

MACH*  IB. OR*  VEL*  IBBBB.B  tt/SEC  RE/ft  •  0. SUSIE  OS 

Alt  •  200000. 


S  REF  ■  152.00 
X  CO  •  -11.60 

FORCE  UAf  A 

SPAN  • 

VC 0  ■ 

l.)0  MAC  » 

0.0  /  CG  • 

30.00 

1.00 

CONI POL 

DAIA 

ALPHA 

C  1) 

t  L 

C  A 

C  V 

C  N 

K 

IMPACI 

ETAC 

IMPACI 

DELTA  C 

ILIA 

.  I/O 

CV  1 

C  H 

CIN  1 

C  LL 
CLL  1 

C  IN 

C  f 

Q/0  INf 

ISHAO 

INPM 

ISHAOI 

5. 01) 

*0*00514 

-0.00576 

0.00564 

0.0 

•  -0.00529 

2.00000 

1 

1.0000 

0 

0.0 

0.0 

-1.11126 

0.0 

-0.00157 

0.0 

U.O 

0.0 

0.0 

0.0 

0.31400 

1 

l.OOOC 

0 

7.00 

0.00471 

0.00)04 

0.004)6 

0.0 

0.00362 

2.00000 

1 

1.0000 

0 

0.0 

0.0 

0.6)14) 

0.0 

-0.00152 

U.O 

0.0 

0.0 

0.0 

U.O 

0.16700 

1 

1.0000 

0 

10.00 

0.00574 

0.01222 

0.00)53 

0.0 

0.01)0) 

2.00000 

1 

1.0000 

0 

0.0 

0.0 

2.1)026 

-0*00411 

-0.00114 

-0.00012 

0.0 

•0.00012 

0.0 

0.0 

0.0)600 

1 

1.0000 

0 

12.00 

0.00742 

0.01764 

0.00)41 

0.0 

0.01402 

2.00000 

1 

1.0000 

0 

0.0 

0.0 

2.40417 

0.0 

•0.0010) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.01700 

1 

1.0000 

0 

15.00 

0.00441 

0.02274 

0.00)64 

0.0 

0.02454 

2.00000 

1 

1.0000 

0 

0.0 

0.0 

i .25446 
0.0 

-0.00061 

U.O 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

1.0000 

0 

15.00 

0.00441 

0.U22T5 

6.00)64 

0.0 

0.02454 

2.00000 

1 

1.0000 

0 

10*0 

u.o 

2.24446 

0.0 

•0.0006) 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

1 

1.0000 

0 

IHt  SC  UATA  AKt  Till  SUMMATION  Cl  6  COMPONINTS  PRCYlOUSLY  SAVED 


B-26 


ft  < 


»LCII«N  •  1  lUt/ll  AH  t  A  c't  INPUT  HtHINfS  • 
fLlAl  VIlUHl  i,l  INPUT  tUMTNti  • 


{ 


ML!  ION  -  i  FllTAl  AKt  A  t>|  INPUT  UtMfcNfS  • 
TOTAL  VUUJNfc  ul  INPUT  tlkKtNTS  ■ 


IS. Ml 
2.5CH 


15.  Ml 
2.500 


TOTAL  NUMHfcR  Of  FLCMfeNTS  • 


total  numhm  or  aiiments  • 


HYPIMSUMc  AK0|  IKAHY-fcllJY  PR( uRA*,  HAVA  lit  MOO  O 

CAst  or 


SttJJUN  S  •♦VthTlLAL  TAIL  SlOtS** 


MG8  li 


MACH- 

19,0*0  VEL •  19999 

.9  FT/SEC 

vk/f  r 

•  o. 3ii 5  rc 

05 

Alt  • 

200000. 

$  REF 

-  152.00 

SPAN  • 

6.)0  MAC  • 

10.00 

K  Co 

•  -*0.60 

V  cu  • 

0.0  l 

cr.  • 

1 .00 

UR CL  DATA 

CONTROL 

OATA 

ALPHA 

C  0 

C  L 

C  A 

C  Y 

C  N 

K 

impact 

IT  AC 

IMPACI 

ALTA 

I/O 

C  M 

C  LL 

C  LN 

C  F 

0/0  INF 

ISHAO 

CNPM 

ISNAOI 

CY  b 

CLN  d 

CLL  A 

5.00 

0.00000 

0.0 

0.0 

0.0 

o.o 

2 .00000 

J 

1.0000 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.69000 

1 

1.0000 

0 

0.0 

0.0 

C.O 

f.  00 

o.ouuoo 

0.0 

0.0 

0,0 

0.0 

2.00000 

3 

1.0000 

0 

U.U 

0.0 

0.0 

c.o 

0.0 

0.0 

0.11000 

3 

1.0000 

0 

0.0 

0.0 

L.O 

10.00 

0.00000 

0.0 

0.0 

0.0 

0.0 

2.00000 

3 

1.0000 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.07500 

3 

1.0000 

0 

-0.000 02 

0.00005 

-0. 00001 

W.00 

O.OUOUO 

0.0 

C.O 

0  .0 

o.u 

2.00000 

3 

1.0000 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.OMUO 

3 

1.0000 

0 

0.0 

0.0 

0.0 

15.00 

0.00000 

0.0 

0.0 

0.0 

0.0 

2.009i;9 

3 

1.0000 

0 

0.0 

0.0 

0.0 

c.o 

0.0 

0.0 

0 .OIIOU 

3 

1.0000 

0 

0.0 

0.0 

0.0 

15.00 

0.00000 

0.0 

u.o 

0.0 

0.0 

2.00000 

3 

1.0000 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.01100 

3 

1.0000 

0 

0.0 

0.0 

0.0 

Tlttst  DATA  llAVt  HUN  SAVLU  H1K  SUHMAtlUN 

0.0 


0.0 


0.0 


0.0 


0.0 


10. 0 


HYPERSONIC  AHlMTRARY-BOJY  PROGRAM.  HARK  IM  HOD  0 
CASE  6? 

INVIsCIO  L.L.,  TUP,  SIDlS,  SIDE  TIN,  UPPER  RAMP,  TAIL 

HACM»  19.006  VEL »  19999.9  ►  T/SCC  Afc/FT  •  0.11157*  05 

ALT  •  200000. 


PAGE  2) 


S  KEF 

>  152. CO 

SPAN  - 

6.10  MAC  ■ 

30.00 

X  CG  *  —  IS • 60 

UHtfc  OATA 

V  CG  • 

0.0  i 

CG  • 

1.00 

CONTAUl 

OATA 

ALPHA 

C  0 

C  L 

C  A 

C  Y 

C  N 

K 

IMPACT 

ETAC 

INPACI 

OUT  A 

ALTA 

I/O 

CY  S 

C  N 

CLN  8 

C  U 

CLL  6 

C  LN 

C  F 

0/0  INF 

ISHAO 

IN  PM 

ISHAOI 

5.00 

0.005  IS 

-0.00576 

0.00565 

0.0 

-0,00529 

2.00000 

3 

1.0000 

0 

0.0 

0.0 

-1.11105 

0.0 

-0.00157 

0.0 

0.0 

0*0 

0.0 

0.0 

0.69000 

3 

1.0000 

0 

7.00 

0.00679 

0.00106 

0.006)8 

0.0 

0.00162 

2.00000 

3 

1.0000 

0 

0.0 

0.0 

0.61060 

0.0 

-0.00152 

0.0 

O.o 

0.0 

0.0 

0.0 

0.31000 

3 

1.0000 

0 

10.00 

0*003/6 

0.01222 

0.00)5) 

0.0 

0.01)0) 

2.00000 

3 

1.0000 

0 

c.o 

0.0 

2.12989 

-0.00691 

-0.00116 

-0.00069 

0.0 

-0.00013 

0.0 

0.0 

0.07900 

3 

1.0000 

0 

12.00 

0.00762 

0.01 786 

0.00)61 

0.0 

0.01902 

2.00000 

3 

1.0000 

0 

0.0 

0.0 

2.60305 

0.0 

-0.0010) 

0.0 

0.0 

0*0 

0.0 

0.0 

0.06100 

3 

1.0000 

0 

15.00 

0.00992 

0.02279 

0.00369 

0.0 

0.02656 

2.00000 

3 

1.0000 

0 

0.0 

0.0 

2.29676 

0.0 

-0.00003 

0.0 

0.0 

0.0 

0.0 

0.0 

0.01100 

3 

1.0000 

9 

15.00 

0.00992 

0.02279 

0.00)69 

0.0 

0.02656 

2.00000 

3 

1.0000 

0 

10.0 

0.0 

2.29676 

0.0 

-0.0006) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.01100 

3 

1.0000 

0 

THf  5*  OATA  AKL  IMF 

SUMMATION 

OF  7 

COMPONENTS  PREVIOUSLY  SAVED 
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SECTION  * 

0 

TOTAL  ARLA 

09 

INPUT 

ELCMFNTS 

O.OM 

total 

NUMER 

Of 

ELEMENTS  • 

1 

TOTAL  VOLUMc 

09 

INPUT 

ELEMENTS 

0.0 

sscrioN  • 

p 

TOTAL  AAfcA 

ur 

INPUT 

ELEMENTS 

7  Jo  704 

TOTAL 

NumuK 

Of 

ELEMENTS  - 

2 

toial  volume 

09 

INPUT 

ELEMENTS 

0.0 

SECTION  • 

f 

total  AMLA 

09 

INPUT 

elements 

25.  TO* 

TOTAL 

OF 

ELEMENTS  • 

1 

TOTAL  VOlUHfe 

Of 

Mtl 

INPUT 

> 

ELEMENTS 

c.o 

1 

HV PSA SONIC  AAAIIRAAY-ROOY  RKPCRAM,  HARK  III  MOO  0 

CASI  AT  RACE  24 

sect  ions  o.f  «*roitcm  ramp#» 

MACH*  |«.0«4  VEL*  14*44.4  fl'SAC  RE/FT  •  0. JUSTE  01 

ALT  ■  200000. 

S  ASF  •  112.00  IRAN  •  0.10  MAC  •  SO. 00 

x  ce  •  -i».*o  v  to  •  o.o  i  cc  •  1.00 


POACS  OATA 

CONTROL 

OATA 

ALPHA 

C  0 

C  L 

C  A 

C  V 

C  N 

K 

INfACT 

ETAC 

IMP  AC  I 

OELTA 

SETA 

L/D 

CY  0 

C  M 

CLN  0 

C  ll 

CLl  0 

C  IN 

C  F 

0/0  INF 

ISHAO 

ENRM 

ISMAOI 

5.00 

0.0D10S 

0.0124* 

O.OOOTO 

0.0 

0.01307 

2.00000 

* 

I.OUOD 

0 

0.0 

0.0 

7.0*4*: 

0.0 

0.00142 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

T.03 

O.OOS52 

0.01405 

O.OOIOT 

0.0 

0.02011 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

S.A41S0 

0.0 

0.0012T 

0.0 

0.0 

0.0 

0.0 

0.0 

lw 00000 

3 

1.0000 

0 

10.00 

o.ootst 

0.0S2A* 

O.OOlTt 

0.0 

0.03)41 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

4.S1S45 

0.0 

0.000 T* 
0.00000 

0.0 

-0.00000 

0.0 

0.0 

1.00000 

3 

1 .0000 

0 

12.00 

0.01140 

0.042TI 

0. 00251 

0.0 

0.04414 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

s.rioot 

0.0 

0.0111* 

0.0 

0.0 

0.0 

0.0 

C.O 

1.00000 

3 

1.0000 

0 

11.00 

0.0144T 

0.054T4 

0.00554 

0.0 

0.04274 

2.00000 

9 

i.oooo 

0 

0.0 

u.o 

5.0*054 

s.s 

0.01*42 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

3 

1.0000 

0 

15.00 

0.0144T 

0.054T4 

0.00554 

0.0 

0.04274 

2.00000 

9 

1.0000 

0 

10.0 

0.0 

5 .0*054 
0.0 

0.01*42 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000* 

3 

1.0000 

0 

IHCSE  OATA  HAVE  RECh  SAVEO  FOR  SUMMATION 


HYPERSONIC  ARBITRARY-ROOT  PROCRAM.  MARK  III  MOO  0 

CASS  AT  RACE  25 

INVISCID  ACL  UPPER  SURFACAS.  1AU.  RAMP. 

NACH*  14.004  YEL*  14444.4  FT/SEC  RE/FT  -  0. SUITE  01 

ACT  •  200000. 


S  ASP  •  152.00 
X  CO  ■  -io.»o 

POACS  OATA 

SPAN  • 

v  co  • 

••30  MAC  • 

0.0  l  cc  • 

50.00 

1.00 

CONTROL 

OATA 

ALPHA 

C  0 

C  L 

C  A 

C  Y 

C  N 

A 

IMPACT 

ETAC 

IMPACI 

OCLTA 

OSTA 

I/O 

CV  0 

C  N 

CLN  0 

C  LL 
CLL  • 

C  IN 

C  F 

0/0  INF 

ISHAD 

ENFN 

ISHAOI 

5.00 

O.OOT02 

0.0OT20 

0.00414 

0.0 

0.D0TT4 

2.00000 

5 

1.0000 

0 

0.0 

0.0 

1.02*40 

0.0 

0.00101 

0.0 

oo 
•  • 
ee 

0.0 

0.0 

1.00000 

5 

1.0000 

0 

2.00 

0.00010 

0.02240 

0.00545 

0.0 

0.02574 

2.00000 

5 

1.0* JO 

0 

0*0 

0.0 

2. TSOIS 
0.0 

O.OOJT4 

0.0 

OO 
•  • 
ec 

0.0 

0.0 

1.00000 

5 

1.0000 

0 

10.00 

0.01151 

0.04400 

0.00551 

0.0 

0.04*51 

2.00000 

5 

1.0000 

0 

o#o 

0.0 

J.1T22I 

-0.00441 

0.00TA2 

-0.00040 

0.0 

-0.00015 

0.0 

0.0 

1.00000 

1 

1.0000 

0 

12.00 

0.01041 

0.04050 

0.00574 

0.0 

0.0*51* 

>.00000 

5 

1.0000 

0 

0*0 

0.0 

5.20254 

0.0 

0.01051 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

5 

1.0000 

0 

15.00 

0.02450 

0.00240 

O.OOTOS 

0.0 

0.00724 

2.00000 

5 

1.0000 

0 

0*0 

0.0 

2.00T5I 

0.0 

0.010*0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

5 

1.0000 

0 

15.00 

0.02*50 

0.40244 

O.OOTOS 

0.0 

0.0*724 

2.00000 

5 

1.0000 

0 

10.0 

0.0 

2.00 T55 
0.0 

0.01540 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

5 

1.0000 

0 

THESE  PATA  ARE  THE  SUMMATION  OP  0  COMPONENTS  PREVIOUSLY  SAVED 
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SECTION  -J I  TflTAL  AREA  of  input  elements  - 
TOTAL  VOLUME  Of  INPUT  ELEMENTS  • 


* A*  TOO  TOTAL  NUMBER  Of  ELENCNTS  •  I 

0.0 


SECTION  ■ J  I  TUTAL  Art fc A  Of  INPUT  ELEMENTS  - 

TOTAL  VOLUMt  Of  INPUT  ELEMENTS  • 


I A. 100  TOTAL  MUMPER  Of  ELEMENTS  •  S 

0.0 


shk-exp.  local  conditions  ll-  in-  i  m- 

TURN  ANCLE  ■  15.0339 


P-  0.153736  02  T-  0.30253E 
PI-  0.41338E  00  Tl-  0.45494E 


OA  MACH-  7.124 
03  MACH!-  19.084 


CP»  0.141471  00 


HYPERSONIC  AMBIIKAAV-HCJY  PROGRAM,  MARK  III  MOO  0 

CASE  67  PAGt  20 

StCTICN  Jl  ••AFT  INbOAMO  FLAT** 


EL  t  ML  NT  OAT  A  MACH-  19.064  ALT  ■  200000.  S  REF 
XCG  -  -lb. 6  VCG  >  0.0  2CC 

ANGLE  OF  ATTACK  >  12.00  YAW  ANGLE  •  0.0 

I0EH1V  «(l  Q  *  0.0  A  •  0.0 


•  132.0  SPAN  -  b.J  IMPACT  •  0  IMPACT  •  3 

-  1.0  MAC  •  30.0  ISHAD  -  7  ISHAOI  -  3 

K  •  2.00000  ETAC  -  1.0000  DELTA  E  -  0.0 

P  •  0.0 


L  OEL  CA 

LA 


DEL  CY 
CV 


DEL  CN 
Cn 


OEL  CLL 
CLL 


OEL  CLM  OEL  CLN  CP 

CIM  CLN  OELTA 


AREA 


I  0.9B-57E-05  0.0 

0.94u5  7E-05  0.0 


0.1A614E-03  0.0 

0. 186146-01  0.0 


0, 157866-04  0.0 

0.157166-04  0.0 


0.14 1476  00  0.I00I4C  00 

0* 13034E  02 


SMK-EXP.  LOCAL  CQNUUIUNS  LL-  2  N-*  2  M- 

TURN  ANGLE  -  >3.0339 


P-  0.87842E  01  T-  0.75K046  04  MACH-  7.771  CP*  0.7442*6-01 
PI-  0.13323E  02  ?!■  0.30233E  04  MACHl -  7.124 


2  0.0  0.0  0. 1463 1E-0 1  0.0 

0.98o57E-05  0.0  0. 1481 7E— Ol  0.0 


-0.2! 459E-02  0.0  0.79424E-01  C.IMIOOC  02 

-0.21301E-02  0.0  0. 1 20006  02 


SHK-EXP.  LOCAL  C0NU1TIUNS  LL-  3  N-  1  Mb 
TULN  ANGLE  -  0.0 


P-  0.41341k  00  T-  0 .457006  03  MACH-  19.086  CP-  0.M047E-04 
PI-  0.41336E  00  Tl-  0.45699E  03  MACHl-  19.094 


3  0.0  U.O 

0. 986576-05  0.0 


-0.0  0.0 

0.14817E-01  0.0 


0.0  0.0 

-0.213016-02  0.0 


0. 31047E-04  0.0 

0.0 


HYPLkSUnIL  RkblfRARV-btMY  PnCGKAM.  mark  III  F'UO  0 
CASE  67 


SECTION  JI  •  •  Af T  INBOARD  FLAT** 


MACH- 
ALf  ■ 

19.084  VEL-  1999V 
200000. 

.9  f  f /SEC 

RE/FI  • 

0.31157L 

S  Ktf 
X  CO 

-  152.00 

>  -16.60 

SPAN  - 
Y  CG  • 

6.30  MC  >  30 
0.0  l  CC  ■  l 

•  00 
•  00 

FURCt  UATA 

ALPHA  C  0 

BETA  L/0 

LV  b 

C  L 

C  M 

CLN  (t 

C  A 

C  LL 
CLL  n 

C  V 

C  LN 

C  N 

C  F 

6.00 

0.0 

O.O0C24 

11.28833 

U.O 

0.00266 

-O.UU048 

0.0 

0.00000 

0.0 

0.0 

0.0 

0.0 

0.00267 

0.0 

7.00 

0.0 

0.00062 
b. 08534 
0.0 

0.00303 

-0.00013 

0.0 

0.00000 

0.0 

c.o 

0.0 

0.0 

0.00509 

0.0 

10.00 

0.0 

0.00179 
5.64 727 
0.0 

0.01013 

-0.0014b 

U.O 

0.00001 

0.0 

-t.oooou 

0.0 

0.0 

0.01020 

0.0 

12.00 

O.0 

0.00309 

4.68928 

0.0 

0.01449 

-0.00213 

0.0 

C. 00001 

o.o 

0.0 

0.0 

0.0 

0.01*82 

0.0 

15.00 

0.0 

0.00602 

3.72305 

0.0 

0.02241 

-0.0U3J4 

0.0 

0.00001 

0.0 

0.0 

0.0 

0.0 

0.02321 

0.0 

o 

oo 

■A  3 

0.00602 

3.72305 

0.0 

0.02241 

-0.00334 

0.0 

0.00001 

0.0 

0.0 

0.0 

0.0 

0.02321 

0.0 

THESE  UATA  HAVE  ttl  EN  SAVLU  FUR  SUMMATION 
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CONTROL  OATA 


K 

IMPACT 

ETAC 

IMPACI 

OELTA  E 

0/Q  INF 

ISHAO 

FNPM 

ISHAOI 

2.00000 

9 

1.0000 

5 

0.0 

1 .00000 

7 

1.0000 

3 

7.00000 

4 

1.0000 

« 

0.0 

1.00000 

7 

1.0000 

3 

2.00000 

4 

1.0000 

5 

0.0 

1.00000 

7 

1.0000 

3 

2.00000 

9 

1.0000 

5 

0.0 

S .00000 

7 

1.0000 

3 

2.00000 

4 

1.0000 

5 

0.0 

1.00000 

7 

1.0000 

3 

7.00000 

9 

l.OOC’J) 

5 

10.0 

1.00000 

7 

1.0000 

3 

B-29 
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HYPERSONIC  ARBITRARY-BODY  PROGRAM*  MARK  111  MOO  l' 

CA5E  *1  RAGE  21 

INVISCIO  ALL  URRCH  SURE ALES*  TAIL*  AAMR,  INBOARD  ELAT 

MACH*  I*. OB*  VEl*  14449.9  M/SEC  RE/M  •  O.JU57F  09 
ALT  •  A 00000. 


S  REE 

•  193.00 

97AM  • 

•.JO  MAC  » 

10.00 

X  CG  •  -U.60 

IMCk  DATA 

Y  Cli  • 

Or  0  2 

CG  ■ 

1.00 

CONTROL 

OATA 

ALPHA 

C  0 

C  L 

C  A 

c.  V 

C  N 

K 

IMPACT 

ETAC 

INPACI 

DELTA  E 

•ETA 

I/O 

tv  V 

c  N 

UN  tt 

c  u 
cu  • 

C  IN 

C  F 

0/0  INF 

ISMAO 

ENPM 

ISHAOI 

9.00 

O.OOT39 

0.00907 

0. 00*16 

0.0 

0.010*6 

2.00000 

9 

1.0000 

5 

0.0 

0.0 

1*14094 

0.0 

0.001*7 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

7 

1.0000 

) 

7.00 

O.OOB.l 

0.02/95 

0.005*5 

0.0 

0.02BS1 

2.00000 

9 

1.0000 

5 

0.0 

0.0 

1.11094 

0.0 

0.00IJ2 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

7 

1.0000 

5 

10.00 

0.01910 

0* 05501 

0.00912 

0.0 

0.05679 

2.00000 

9 

1.0000 

5 

0.0 

0.0 

1.44313 

-0.00441 

0.00*1* 

-0.000*9 

0.0 

-0.00011 

0.0 

0.0 

1.00000 

7 

1.0000 

1 

12.00 

0.03300 

a. 0 750* 

o.oostt 

0.0 

0.07*00 

2.00000 

9 

1.0000 

5 

0.0 

0.0 

1.41140 

0.0 

u. oo*ao 
0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

7 

1.0000 

1 

19.00 

0.01940 

0.10*90 

0.0070* 

0.0 

0.110*9 

2.00000 

• 

1.0000 

5 

0.0 

0.0 

3.44101 

0  0 

0.01225 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

7 

1.0000 

3 

19.00 

0.01940 

U. 10*90 

0.0070* 

0.0 

0.110*9 

7.00000 

• 

1.0000 

9 

10.0 

0.0 

3 ,94101 
0.0 

*4 

e  o 

o  o 

0.0 

0.0 

0.0 

0.0 

l  .00000 

7 

1.0000 

3 

these  data  are  ihe 

SUMMATION 

OF  9 

COMPONENTS  PREVIOUSLY  SAVED 

c 


SECTION  «J0  TOTAL  AKtA  OF  INPUT  FLFMFNTS  -  14. *9* 

IUIAL  VOLUME  JF  INPUT  ELEMENTS  •  0.0 


SECTION  -EV  TUTAL  AREA  OF  INPUT  ELEMENTS  •  A1.3T0 

TUTAL  VOLUME  OF  INPUT  ELEMENTS  •  0.0 


TOTAL  NUMBER  OF  ELEMENTS  •  34 


TUTAL  NUMBER  OF  ELEMENTS  •  39 


l 


HYPERSONIC  AR||TRA«V-W»OY  PROGRAM,  NARK  III  *00  0 

CASE  17  PAGE  29 


SAC?  I09I&  JUpfcV  ••GUTttUAKO  AH  ft  AT  AND  fcLFVON** 


MACH*  19.044  VEl  •  14999 

ALT  •  300000. 

S  REF  •  193.00  SPAN  • 
ICC  •  -IB. 40  V  CG  • 

DACE  0BT4 

.4  FT/SEC  PE/FT  - 

fl.10  MAC  •  30 
0.0  l  CG  *  1 

0.J1197E  OS 

•  00 
.00 

CONTROL 

DATA 

alpha 

C  0 

C  L 

C  A 

C  Y 

C  N 

K 

IMPACT 

ETAC 

INPACI 

OELTA  E 

•eta 

I/O 

CV  B 

C  M 

CLN  B 

C  LL 
CLI  • 

C  IN 

C  ► 

U/Q  INF 

ISHAO 

FNPM 

ISHAOI 

5.00 

O.OOOT3 

0.U0H15 

0.00001 

0.0 

0.001 IS 

7.00000 

9 

1.0000 

5 

0*0 

0.0 

11. 140  fl 

o.u 

-o.ooiro 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

7 

1.0000 

3 

7.00 

0.00111 

0.015*7 

0.00001 

0.0 

0.01559 

7.00000 

G 

1.0000 

5 

0.0 

0.0 

B.I0T3B 

0.0 

-0.00i?*> 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

7 

1.0000 

3 

10.00 

0.00149 

0.03107 

0. 00001 

0.0 

0.03155 

7.00000 

9 

1.0000 

5 

0.0 

0.0 

9.49434 

0.0 

-0.00659 

0.00000 

0.0 

-0.00000 

0.0 

0.0 

1.00000 

7 

1.0000 

3 

12.00 

U.0U947 

0. 0***9 

0.00002 

0.0 

0.0*5*S 

7.00000 

9 

1.0000 

9 

0.0 

0.0 

4.49903 

0.0 

-0.009*9 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00000 

7 

1.0000 

3 

15.00 

U.0IB47 

0.060(1) 

0.00003 

0.0 

0.07127 

2.00000 

9 

1.0000 

5 

0.0 

0.0 

i. 73443 
0.0 

-0.01*119 

0.0 

U.O 

0.0 

0.0 

0.0 

l. 00000 

7 

1.0000 

3 

19.00 

0.039BT 

0.0H296 

0.00362 

0.0 

0.006** 

2.00000 

9 

1.0000 

9 

lOg  00 

0.0 

3.19157  -0.020**  U.O  0.0  0.0 

0.0  0.0  0.0 

THtSE  OATA  MAVfc  UtfcN  SAVED  FUR  SUMMATION 

1.00000 

T 

1.0000 

3 

B-30 
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HYPERSONIC  ARBITAARY-eilUY  PkCClAP.  MARK  III  MOO  0 
CASE  67 


TOIAL  INViSCIU  OATA 


MACH- 
ALT  - 

19.086  VEL-  19999 
200000. 

.9  FT/SEC 

HE/FT 

-  0.3I157E  05 

S  REF 
X  CG 

-  132.00 

«  -18.60 

SPAN  • 

Y  CG  * 

8.30  MAC  > 

C.O  l  CG  • 

30.00 

1.00 

FORCE  OATA 

ALPHA  C  0 

BETA  L/0 

CY  tt 

C  L 

C  M 

CLN  8 

C  A 

C  LL 

CLL  B 

C  Y 

C  LN 

C  N 

C  F 

K 

0/0  INF 

CONTROL  OATA 
IMPACT  El AC 
ISHAO  ENPN 

1K.HI 

ISHAOI 

OUT*  ( 

3.00 

0.0 

0.00797 

2.26066 

0.0 

0.01802 
-0 .00021 
0.0 

0.006)7 

0.0 

0.0 

0.0 

0.0 

0.01866 

0.0 

2.00000 

1.00000 

9  1.0000 
7  1.0000 

» 

1 

0.0 

7.00 

0.0 

0.01066 

■*.00732 

0.0 

0.0636 J 
-0.00022 
0.0 

U.IK’566 

o.o 

0.0 

0.0 

0.0 

0.06662 

0.0 

2.00000 

1 .00000 

9  1.0000 
7  1.0000 

J 

} 

0.0 

10.00 

0.0 

0.02059 

6.17965 

-0*00691 

0.08607 

-0.00063 

-0.00069 

0.00333 

C.O 

-0.00013 

0.0 

0.0 

0.088)6 

0.0 

2.00000 

1 .00000 

9  1.0000 

7  1.0000 

• 

J 

> 

0.0 

12.00 

0.0 

0.03167 

3.79702 

0.0 

0.11933 

-0.0010V 

0.0 

0.00579 

C.O 

0.0 

0.0 

0.0 

0.12)68 

0.0 

2.00000 

1.00000 

9  1.0000 

7  1.0000 

» 

1 

0.0 

13.00 

0.0 

0.05)88 
3.226  76 
0.0 

0.17)73 

-0.00263 

0.0 

0.00707 

C.O 

0.0 

0.0 

0.0 

0.18176 

0.0 

2.00000 

1.00000 

9  1.0000 

7  1.0000 

» 

1 

0.0 

13.00 

0.0 

0.0612* 

3.03931 

0.0 

0.16766 

-0.00618 

0.0 

0.010O6 

0.0 

0.0 

0.0 

0.0 

0.19693 

0.0 

2 .*0000 

1.00000 

9  1.0000 

7  1.0000 

1 

1 

10.00 

THE Sfe  OATA  ARE  THE  SUMMATION  07  10  COMPONENTS  PREVIOUSLY  SAVED 


HYPERSONIC  ARBITRARY-BUOY  PR(lCRAM>  MARK  III  MOO  0 
CASE  67 

LAMINAR  SKIN  PhICTION  ••BODY  SURFACES** 

INPUT  SURFACE  ELEMENT  OATA 

N  M  X  X  X 

V  Y  V 

III 


PAGE  31 


X 

NX 

XCENT 

AREA 

l 

Y 

NY 

YCENT 

OELTA  V 

I 

HI 

/CENT 

VOLUME 

1  1  -1.25000E-01  -1.60000F  01  -1.60000E  01  -U25000E-01  0*032716  -1.07083E  01  2.34482E  01  1 

0.0  2.93000E  00  0*0  0.0  0.0  9.0)I3)E~O1  0.0 

-1.62000E-01  - 1  *000007  00  -l.OOOOOE  00  -1.62000E-0!  -0.990410  -7.20666E-01  0.0 

SECTION  -SF  TOTAL  AREA  OF  INPUT  ELEMENTS  •  23.640  TOTAL  NUMBER  OF  ELEMENTS  -  1 

TOTAL  VOLUME  OF  INPUT  ElEMCNTS  •  0.0 


1  1  -1.60000b  01  -J.OOOOOE  01  -J.OOOOOF  01  -1.60000E  01  0.0  -2.30000E  01  1.60000E  01  2 

l.OOOOOE  00  l.OOOOOE  00  0.0  0.0  0.0  5 .000006-0 1  0.0 

-1.00000k  00  -l.OOOOOE  00  -l.OOOOOE  00  -l.OOOOOE  00  -1.000000  -l.OOOOOE  00  0.0 

SECTION  -SF  TUTAL  AREA  Ob  INPUT  ELEMENTS  -  37.668  TOTAL  NUMBER  OF  ELEMENTS  -  2 

TOTAL  VOLUME  Ub  INPUT  ELEMENT S  ■  0.0 


1  1  -1.60000L  01  -3.23000E  01  -J.2S000E  01  -1.60000E  01  0.0  -2.68762E  01  6.16623E  01  3 

2.93000b  00  6.10000E  00  l.OOOOOE  00  l.OOOOOE  00  0.0  2.28632E  00  0.0 

-l.OOOOOE  00  -l.OOOO***  00  -l.OOOOOE  OO  -l.OOOOOE  00  -1.000000  -l.OOOOOE  00  0.0 

SECTION  *SF  TOTAL  AREA  Ul  INPUT  ELEMTNTS  •  79.111  TOTAL  NUMBER  OF  ELEMENTS  •  3 

TOTAL  VOLUME  U»  INPUT  ELEMENTS  •  0.0 


1  1  — 1.60U00b  01  -J.OOOOOE  01  -J.OOOOOE  01  -1.60000E  01  0.079301  -2.3J3JJE  01  1.772UE  01  6 

3.09800b  00  3.3B0UQE  00  6.32100L  00  3.09I00E  00  0.866270  6.3J299E  00  6.63660E  01 

-0.680001-01  1.36000b  00  -8.60OOOE-O1  -8.4B000E-01  -0.697316  -1.I8667E-0I  6.63660E  01 

SECTION  -SF  TOTAL  AREA  UF  INPUT  ELEMENTS  •  96.0)2  TOIAL  NUMBER  Of  ELEMENTS  »  6 

TOTAL  VOLUME  Ul  INPUT  ELEMENTS  •  66.366 


>♦***••**  ••••••*»•  •*•»•*+»* 

1  &  -1.23000E-01  -1 .60000b  01  -1.60000E  01  -1.29000E-01  0.17663)  -1.06363E  01  1.6J337E  01  3 

0.0  0.0  1.600006  00  1.00000E-01  0.3)7297  5.371 19C-0I  6.71936E  00 

1.620001-01  J. 530006  00  2.6B000E  00  1.23000E-01  0.823116  2.00868E  00  7.10836E  01 

SECTION  -SF  TUTAL  AREA  U»  INPUT  ELEMENTS  •  113.186  TOTAL  NUMBER  OF  ELEMENTS  -  3 

TOTAL  VOLUME  Ob  INPUT  ELEMENTS  ■  71.086 
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HYPERSONIC  ARRITRIRV-BODV  fxntiFAHi  HARK  III  MOO  0 

casi  ir 

LAMINAR  SKIM  MICTION  4«#u0Y  SURFACES** 

INPUT  SURE  ACL  ELEMENT  OAIA 


N  N 

X 

X 

X 

X 

NX 

XCENT 

AXE  A 

L 

y 

V 

Y 

V 

NY 

YCCNT 

DELTA  V 

i 

I 

2 

z 

N2 

2CENT 

VOLUME 

1 

1  -1.600 OOt 

01 

-1.00000k 

Ot 

-S.OOOOOE 

01 

-1.60000E 

01 

0.011497 

-2.290191 

01 

2.1B611E 

01 

A 

0.0 

0.0 

1. 4*000* 

00 

1 .600001 

00 

0.1121SS 

7.70422E-0I 

1.I0016E 

01 

S.11000E 

00 

3.40000E 

00 

2.43000E 

00 

2.48000C 

00 

0.SSS612 

3.16289E 

00 

R.20B12E 

01 

SCLTION  *SF  TOTAL  ARIA  OF  INPUT  ALIMENTS  •  119. 0**  TOTAL  NUM1ER  OF  CLEMENTS  •  A 

TOTAL  VOLUME  OF  INPUT  ELEMENTS  •  R2.USS 


I  1  *1.210001-01  *1.600001  01  -1.60000E  01  -I.21000E-01  0.1A491S  -I.0M22E  01 

I. 000001-01  1.60000C  00  3.09SOUE  00  1.170 OOC-Ol  0.900111  1.11  ITE  00 

1.260 00E-01  2.4BOOOE  00  -A.AROOOE-Ol  1.100001-02  0.A09932  S.A4614E-0I 

SECTION  *SP  TOTAL  AREA  UT  INPUT  ELEMENTS  •  1*9.11*  TOTAL  NUMBER  OF  ELEMENTS  • 

TOTAL  VOLUME  II  INPUT  ELFMENTS  •  121.111 


I  1  -1. *00001  01  -S.OUOOl'E  01  -S.OOOOOE  01  *1.600 OOC  01  -0.000071  -2.209T1E  01 

1. 60000E  00  I.6AOOOE  00  2.10000E  00  1.09AO0E  00  0.911610  2.I0116E  00 

2. 4*0 00 E  00  2.R1000E  00  1.14000E  00  -B.4BOOOE-01  0.40.411  I.S466BE  00 

SECTION  *SF  TOTAL  AREA  Of  INPUT  ELEMENTS  •  201.999  TUTAL  NUMBER  OF  ELEMENTS  • 

TOTAL  VOLUME  OF  INPUT  ELEMENTS  •  196.164 


1  1  -I.60000E  01  l.OOUUOE  01  -S.OOOOOE  01  -1.60000E  01  0.194411  -2. ISSUE  01 

S.09B00F  00  2.IU000E  00  1.1B000E  00  S.09B0OF  00  0.0  S.S9266E  00 

-B.4B000E-UI  I.S4000E  00  1.S4000E  00  -B.4B000E-01  0.988007  '  6.I0646C-01 

SECTION  *SF  TOTAL  AREA  OF  INPUT  ELEMENTS  •  2S0.611  T01AL  NUMBER  OF  ELEMENTS  • 

TOTAL  VOLUME  OF  INPUT  ELEMENTS  •  196.164 


1.01091E  01 
4, 10478E  01 
1.211  HE  02 


T 


1.6B409E  01 
T.1011SE  01 
1.96164E  02 


B 


2.46117E  01 

0.0 

1.96164E  02 


9 


7 


S 


9 


HYPERSONIC  ARBITRARY-BUOY  PROGRAM.  NARK  III  NOD  0 

CASE  *7  PAGE  11 


LAMINAR  SKIN  FRICTION  **BUOV  SURFACES*** 


FREE  STREAM  CUNOITIONS 

ALPHA  >  1.00  MACH 

RE /FT  «  1.1I4E  04  S  REF 


19.0*  VELOCITY  *  19999.9 

112.0 


ALTITUDE 


200000.0 


MM*  1  REAL  GAS.  REF.  H/S-C  SOLUTION. 

KT*  I  TaEO  •  1692.0*  CF1  •  0.20141JE-02  CF1IRE1I  •  1.411111 
RT*  0  TMEO  •  1741. IN  CF1  •  0.10194TE-02  CF1IRE1I  •  0.042141 


RONURA  •  4.94447  H*/N1  •  14.1191  HAM/HI  • 

RONURA  •  0.2176T  H*/HI  •  14.1191  HAM/HI 


SKIN  FRICTION  DATA 


SURT  NU. 

TYPE 

METHOD 

S  NET 

LENGTH 

ALPHA  0 

HEDGE 

ANCLE  121 

AE  IOC 

CHI  BAR 

V  BAR 

LAM 

CF 

CA 

CN 

SUN  CA 

SUN  CN 

VN 

TH/T 

TN/TA 

AEVF7 

CO 

CF/CFO 

TUR* 

CF 

CA 

CN 

SUN  CA 

SUN  CN 

TO 

TH/T 

TN/TA 

Af*/FT 

CO 

CF7CF0 

NACN 

V 

V  SOUND 

P-PSF 

TEMP-R 

fcH0*10«*4 

VIS»10**7  RE/FT 

C  STAR 

C 

V  STAR 

1 

1 

2 

24. 

16.0 

0.0 

0.0 

•  •02 

1.091E  04 

0.074 

0.0222 

LAN 

0.00*6* 

0.0 

0.0 

0.0 

0.0 

1492.0 

1.6110 

0.0977 

1.994E  OS 

0.0 

1.2110 

TUN* 

0.0041* 

0.0 

0.0 

0.0 

0.0 

.1749.9 

1.619! 

0.0977 

9.I20E  04 

0.0 

1.0000 

STREAM 

14.0*449 

14999.0 

1047.97 

0.4114 

416.99 

0.0042494 

1.1*2647 

3.1UC  04 

3.459E-01 

6.739E-0] 

i  o.oui 

LUCAl 

11.61011 

19774.2 

1700.22 

4.1011 

1202.94 

0.0292724 

6.717499 

4.410E  04 

HYPERSONIC  ARBITRARY- AOUY  PROGRAM.  NARK  III  MOD  0 

CASE  *7  PAGE  14 


LAMINAR  SKIN  FRICTIUN  **BUOY  SURFACES*** 


FREE  STREAM  CONDITIONS 

ALPHA  •  7.00  MACH 

RE/FT  •  1.116E  04*  S  REF 


19.0*  VELOCITY  •  19999.9 

112.0 


ALTITUDE  •  200000.0 


NH*  1 

REAL  GAS.  REF.  1 

H/S-C  SOLUTION. 

RT*  1 

T*EO  • 

173S.4A 

CF l  •  0. 

24T6R6E-02 

CF1IRE1)  *  1.749914  RONURA  -  7.92314  M/HI  -  14.4444  HAW/HI  • 

RT*  0 

TNEQ  • 

I440.4R 

CF1  •  0.' 

6IOSS1E-02 

CF1IAE1)  -  0.094472  RONURA  «•  0.27424  H«/H1  *  14.4444  HAM/HI  • 

MIN  FRICTION  ORTA 

SURF  NO. 

TVFE 

METHOD 

S  NET 

LENGTH 

ALPHA  0 

HEDGE 

ANGIEI2I  RE  IOC 

CHI  CAR  V  RAR 

LAN 

CF 

CA 

CN 

SUM  CA 

SUN  CN 

TM 

TH/T 

TH/T*  *E*/FT 

CD  CF/CFO 

TUNA 

CF 

CA 

CN 

SUM  CA 

SUM  CN 

TW 

TH/T 

TH/TR  RE*/FT 

CO  CF/CFO 

NACH 

V 

V  SOUND 

P-PSF 

TENP-R 

AH04 104M 

VIS*10**T  RE/FT  C  STAR 

C  V  STAR 

1 

1 

2 

24. 

16.0 

0.0 

0.0 

10.02  1.009E  0* 

7.99*  0.0220 

LAN 

0.00744 

0.0 

0.0 

0.0 

0.0 

1733.4 

1.7910 

0.0*04  S.T11E  01 

0.0  1.1191 

TUR* 

0*00994 

0.0 

0.0 

0.0 

0.0 

1440.4 

4.1112 

0.0621  1.21SE  OS 

0.0  1.0000 

STREAM 

19.04449 

19999.9 

1047.97 

0.4114 

*16.99 

0.0092494 

1.112*47 

1.1 IAS  04  S.611E-0! 

A.609E-0I  0.01*2 

LOCA* 

9.94444 

19490.0 

1947.27 

7.1*46 

1610.49 

0.0299444 

(.109*7* 

6.297E  04 

*2.6161 

*6.1609 


A2.7T6A 

*6.2171 


B-32 
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HYPERSUNIC  AkH|lkAAY-bOUY  PKDGkAM,  MARK  III  MOO  0 
CASE  67 

LAMINAR  SKIS  FKICIIGN  **BOUY  SURFACES*** 


FREE  SIREAM  CUNOITIUNS 

ALPHA  •  IU.UO  MACH  •  19.09  VEL0C1IV  -  19999.9  ALT  I TUOE  ■  200000.0 

Rfc/M  ■  J.116E  04  S  REF  ■  162.0 


NW-  3  KtAL  GAS,  KEF.  H/S-C  SflLUTICN. 

K1-  1  IwEW  ■  1836. OK  tri  ■  Q.307850E-02  CFIIKUI  ■  2.174997 
Kl  ■  0  TtEU  -  2000. OK  CM  -  0.574693E-02  CFl(Rfcl)  •  0.079266 


ROMUHA  -  11.73126 
KOMURA  •  0.37914 


HP/HI  •  13. 49 SO 

HP/HI  •  19. 4) SO 


HA  If  SHI  •  43.0499 

HAlf/Hl  •  44*4414 


SKIN  FRICTION  DATA 


SURF  NL. 

TYPE 

MElHOO 

S  WET 

LENGTH 

ALPHA  0 

WEDGE 

ANGLE (2 1 

RE  LOC 

CHI  9AR 

V  BAR 

LAM 

Cl 

CA 

CN 

SUM  CA 

SUM  CN 

TW 

TW/T 

TW/TR 

REP/FT 

CO 

CF/CFO 

TURO 

Cl 

CA 

CN 

SUM  CA 

SUM  CN 

TW 

TW/T 

Tw/TK 

REP/FT 

CD 

CF/CFO 

MACH 

V 

V  SOUND 

P-PSF 

TEMP-R 

RHO* 10**4 

V 1 S* 10**  7 

RE/FT 

C  STAR 

C 

V  STAR 

LAM 

TURB 

STREAM 

LOCAL 


1 

0.00910 
0.00773 
19.08449 
S. 09706 


0.0 

0.0 

19999.9 
19409. S 


0.0 

0.0 

1047.97 

2397.14 


24. 

0.0 

0.0 

0.4134 

11.6874 


16.0  0.0 

0.0  1836.0 

0.0  2060.0 

466.99  0.0062696 
2391.22  0.0284736 


0.0 

4.0179 

4.4897 

3.382647 

10.249096 


13.02  B.639E  09 

0.0637  8.617E  03 
0.0679  I.696E  09 
3.116E  04  3.9496*01 
6.3926  04 


7.907  0.0217 
0.0  1.1010 
0.0  I. 0000 
6. 4396-01  0.0141 


HYPER  SON.  Z  ARB 1 TKARY-HQUY  PROGRAM.  MARK  III  MOO  0 

CASE  67  PAGE  34 

LAMINAR  SKIN  FkfCTirN  PPBCJLV  SURFACES*** 

FALL  S I  REAM  CONDITIONS 

ALPHA  •  10.00  MACH  •  19.08  VELOCITY  »  19999.9  ALT  I TUOE  ■  200000.0 

RE/FT  -  3.I16E  04  S  REF  -  162.0 

NM-  3  REAL  GAS.  RtF.  H/S-C  SOLUTION. 

K I  *  1  Twig  -  1836. OK  Ul  -  0. 307860L-02  CFllRtll  •  2.174997  RPMURA  •  11.73826  H*/H1  ■  19.4980  HAM /HI  •  43*0499 

KT-  0  T WE 0  -  2060. OR  CFl  »  O.674693E-02  CFl(REl)  -  0.079266  KOMURA  *  0.17914  HP/HI  •  19.4980  HAM/HI  «  44*4414 


SKIN  FRICTIUN  DATA 


SURF  NC. 

TYPE 

METHOD 

S  WET 

length 

ALPHA  0 

WEOGE 

ANGLE (2 1 

RE  LOC 

CHI  BAR 

V  BAR 

LAM 

CF 

CA 

CN 

SUM  CA 

SUM  CN 

7W 

TW/T 

TW/TR 

RCP/FT 

CO 

CF/CFO 

TURB 

CF 

CA 

CN 

SUM  CA 

SUM  CN 

TW 

TW/T 

TW/TR 

REP/FT 

CO 

CF/CFO 

MACH 

V 

V  SOUND 

P-PSf 

TEMP-k 

KH0*10*P4 

VIS*10**T 

RE/FT 

C  STAR 

C 

V  STAR 

1 

1 

2 

24. 

16.0 

0.0 

0.0 

13.02 

8.639E  06 

7.907 

0.0217 

LAM 

0.00910 

0.0 

0.0 

0.0 

0.0 

1836.0 

4.0176 

0.0637 

B.617E  03 

0.0 

1.1080 

TURB 

0.0077J 

0.0 

0.0 

0.0 

0.0 

2060.0 

4.4867 

0.0676 

I.696E  06 

0.0 

1.0000 

STREAM 

19.03449 

19949.9 

1047.97 

0.4114 

466.49 

0 .0062696 

3. 3B2647 

3. I 16F  04 

3.549F-01 

6.459C-0I 

0.0141 

LUC  At 

B  .09  706 

14409.8 

2347.14 

11.6874 

2391.22 

0.0264736 

10.249096 

6.392E  04 

HYPERSONIC  AkBllKARV-bUDY  PROGRAM.  MARK  III  MUD  0 

CASE  67  PAGE  37 

LAMINAR  SKIN  FRICTION  **1007  SURFACES*** 


FREE  StKEAM  CONDITIONS 


ALPHA  « 

10.00 

MACH 

•  19.08 

VELOCI 

IY  «  19999 

.9  AL 1 T  TUOE  •  200000.0 

RE/FI  ■ 

3. 11 61  04 

s  Rtr 

•  162 

.0 

NM-  3 

RIAL  GAS.  REF. 

H/S-C  SOLUTION. 

KT-  1 

um  . 

1636. OH 

CFl  -  0. 

307884E-0/ 

cfii.fi i  ■  i.imu  ru.um  .  n.r.iss 

H./M 1  ■  IS. 

4684 

KT-  0 

thtQ  • 

2060.1k 

cr  1  -  o. 

674804E-02 

CFKREU  •  0.079281  ROMUR A  ■  0.17921 

M./MI  »  IS. 

4984 

SKIN  FRICTION  DATA 

SURF  NC. 

TYPF 

Miihco 

S  WET 

LENGTH 

ALPHA  0 

WEDGE  ANGLE  121  RE  LOC 

CH|  BAR 

V  BAR 

LAM 

CF 

CA 

CN 

SUM  CA 

SUM  CN 

TW 

TW/T  TW/TR  REP/FT 

CO 

CF/CFO 

TURB 

Cl 

CA 

CN 

SUM  CA 

SUM  CN 

TW 

Tn/T  TW/TR  REP/FT 

CO 

CF/CFO 

MACH 

V 

V  SCUND 

p-psr 

TEmP-R 

PHD* 10**4 

V 1  S*10**7  RE/FT  C  STAR 

c 

V  STAR 

l 

1 

2 

24. 

16.0 

0.0 

0.0  13.0?  8.638E 

09 

7.907 

0.0217 

LAM 

0.00910 

0.0 

0.0 

0.0 

0.0 

1836.0 

4.017b  0.0637  8.619E 

03 

0.0 

1.1079 

TURB 

0.00773 

0.0 

0.0 

0.0 

0.  J 

2060. 1 

4.4860  0.0676  1.696E 

09 

0.0 

1.0000 

STKEAM 

19.08449 

14994.9 

1047.97 

0.41 34 

466.99 

0.0062696 

3.382647  3.1I6E  04  3.549E 

-01 

6.499E-01 

0.0141 

LOCAL 

8.09698 

19409.6 

2397.44 

1 1 .6908 

2391.82 

0.0284748 

10.260560  6.392E  04 

HAM/HI  • 
HAM/HI  • 


43.0497 

44*4414 


HYPERSONIC  Akb 1 1 KAR Y-uLJY  PRlGRAM.  MARK  III  MOO  0 

CASE  47  PAGE  38 

LAMINAR  SKIN  FRICTION  t'BUCY  SURFACES*** 


FHEL  STREAM  CUNDITIUNS 


ALPHA  • 

12.00 

MACK 

-  19,08 

VELOCITY  •  19999 

.9  ALTITUDE  -  200000.0 

Rt/IT  • 

3.  1  1  6E  04 

S  PIT 

«  152 

•  0 

Nn-  3 

M’AL  GAS  *  KM  • 

H/S-L  SULU1 IUN. 

KT-  l 

TWUI  • 

1894. 5« 

Cfl  ■  0. 

34610MV-02 

CFIIKUI  ■  2.438226  ROMURA  •  16.20741 

H*/Hl  -  15. 

9010 

KT-  0 

T wLg  - 

2144.6R 

CFl  -  0. 

©H272ST-0? 

CF1IKM1  *  0.094166  POMURA  •  0.49939 

MP/HI  ■  15. 

9010 

SKIN  FRICTIUN  DATA 

SURF  NG. 

TYPt 

ME1H11U 

S  WET 

LENGTH  ALPHA  U 

WEDGE  ANGLE (21  RE  LOG 

CHI  WAR 

V  BAR 

LAM 

CF 

CA 

LN 

SUM  CA 

SUM  CN  TW 

TW/T  TW/TR  REP/FT 

CO 

CF/CFO 

TURB 

CF 

CA 

CN 

SUM  CA 

SUM  CN  TW 

Tw/T  TW/Tw  RfP/FT 

CO 

CF/CFO 

MACH 

V 

V  SOUND 

P-PSF 

TEMP-R  MHO* 10**4 

VI S* 10**  7  PE/FT  C  STAR 

C 

V  STAR 

l 

1 

2 

24. 

16.0  0.0 

0.0  15.02  7.7S7E 

09 

7. 857 

0.0216 

LAM 

U. 00999 

0.0 

0.0 

0.0 

0.0  1894.5 

4.1467  0.0656  I.066E 

04 

0.0 

1.0661 

TURB 

0.00914 

0.0 

o.o 

0.0 

0.0  2144.5 

4.6927  0.0705  2.005E 

05 

0.0 

1.0000 

STREAM 

19.08449 

19999.9 

104  7.47 

0.<«1  34 

456.94  0.0052696 

3.382647  3.II6C  04  3.502E 

-01 

6.377E-01 

0.0160 

LOCAL 

7.13086 

19213.6 

2694.46 

16.2496 

3021.16  0.0296018 

11.70746)  4.8 42f  04 

HAW /HI  • 
HAtf/Hl  ■ 


43*2429 

44*9401 


ELEMENT  DATA  MACH*  19.084  AL 1  ■  200U00.  S  REF  •  162.0  SPAN  *  8.3  IMPACT  *  1  IMPACI  •  0 

XCG  -  -1H.6  YLG  *  0.0  ICG  •  1.0  MAC  *  30.0  ISHAO  *  1  1SHADI  ■  0 

ANGLE  (JF  AT1ACK  -  12.0c  VAn  ANGLE  *  0.0  K  *  2.00000  FT  AC  *  1.0000  DELTA  E  *  0.0 

IDERIV  *  0  U  «  0.0  R  *  0.0  P  *  0.0 


L  DEL  CA 

CA 


DEL  CY 
CY 


DEL  CN’ 
C.N 


UCl  CLL 
CL  L 


DEL  CLM 
CLM 


DEL  CLN 
CLN 


CP 

DELTA 


AREA 


I  0.3UJJE-02  L.O 
0.311311 -02  0.0 


-0.164J4F-03  0.0 

-0. 164  34E-03  0.0 


-0.22l*0F-03  0.0 

-0.22180E-OI  0.0 


0.0  0.23706E  02 

0.16022E  02 


B-33 
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HYPERSONIC  ARBITRARY-BODY  PROGRAM,  MARK  III  MOO  0 
CASE  AT 


LAMINAR  SKIN  PRICTION  *«BUUY  SURFACES*** 


ELEMENT  OATA  MACH* 

19.084 

ALT  • 

200000.  S  REF  • 

152.0 

SPAN  •  8.3 

IMPACT  •  1 

1MPACI  •  0 

XCG  ■ 

■Htfc 

YLG  • 

0.0  2CG 

m 

1.0 

MAC  •  30.0 

ISHAO  •  1 

ISHAOI  •  0 

ANGLE  OF  ATTACK 

•  12.00 

YAW 

ANGLF  •  0.0 

K 

•  2.00000  ETAC  •  1. 

0000  DELTA 

E  •  0.0 

10ERIV  *00 

•  0.0 

R  •  0.0 

P  •  0 

.0 

L 

OEC  CA 

UEl  CY 

OEL  CN 

UEL 

CLL 

DEL  CLM 

DEL  CLN 

CP 

AREA 

CA 

CY 

CN 

CL  L 

CLM 

CLN 

DELTA 

2 

0.494I9E-0J 

U.U 

0.0 

0.0 

-0.32946E-04 

0.0 

0.0 

0.14100E 

02 

0.340T5E-02 

0.0 

-0.16434E-03 

0.0 

-0.25474E-03 

0.0 

O.I7000E  02 

S 

0.2I2SSE-02 

U.O 

0.0 

0.0 

-0.14170E-03 

0.0 

0.0 

3.43370E 

02 

0.5T330E-02 

U.O 

-0.16434E-03 

0.0 

-0.3C644E-03 

0.0 

0. 12000E  02 

4 

0. 13B91E-02 

0.0 

0. 17244E-03 

0.0 

-0.90301E-04 

0.0 

0.0 

0.17721E 

02 

0. T122IE-0? 

0.0 

0.8094Sr-05 

0.0 

-0.48694E-03 

0.0 

U.I0210E  02 

» 

0.S7279E-3J 

0.0 

0. 1213SE-03 

0.0 

0. 52288E-04 

0.0 

0.0 

0. 18282E 

02 

0.T6949E-02 

0.0 

0.1294TE-03 

0.0 

-0.43466E-03 

0.0 

-0.42114E-01 

• 

0.(93 11E- 04 

0.0 

0. 692I1E-05 

0.0 

0.544SSE-0S 

0.0 

0.0 

0.26519E 

02 

0.TT942E-02 

0.0 

0.13640E— 03 

0.0 

-0.42921E-03 

0.0 

-0.91001L  01 

T 

0.1091AE-02 

0.0 

0.26006E-03 

0.0 

0.53S33E-04 

0.0 

0.0 

0.28333E 

02 

0.IIT5IE-02 

0.0 

0.39646E-03 

0.0 

-0.3T33TE-03 

0.0 

0.32400E  01 

• 

0. 17987E— 03 

0.0 

0.3203AE— 04 

0.0 

-0. 15242E-05 

0.0 

0.0 

0.388TSE 

02 

0.90357E— 02 

0.0 

0. 42850E-03 

0.0 

-0.3T690E-03 

0.0 

-0.48038E  01 

9 

0.6I311E-03 

o.c 

0. 10676E— 03 

0.0 

-0.32827E-04 

0.0 

0.0 

0.24656E 

02 

0.9T3IIE-02 

0.0 

0.53526E— 03 

0.0 

-0.40973E-03 

0.0 

-0.31174E  01 

HYPERSONIC  ARBITRARY— bUOY  PROGRAM,  MARK  III  MOO  0 

CASE  AT  PAGE  40 

LAMINAR  SKIN  FRICTION  **80UY  SURFACES*** 

FREE  STREAM  CUNOITIUNS 

ALPHA  •  IS. 00  MACH  •  1C. OH  VELOCITY  •  19999.9  ALTITUDE  •  200000.0 

RE/FT  «  3.116E  04  S  REF  •  132.0 

NN*  S  REAL  GAS,  REF.  H/S-C  SOLUTION. 

RT*  1  TWO  «  1VTU.TR  CFl  •  0.393548F-07  CFl(REl)  .  2.  79  4  393  ROMURA  •  2I.0VT4T  H*/Hl  •  16.6359  HAW/HI  •  61.6403 

Cl*  0  TVER  •  22AS.SR  CFl  •  0.835729E-02  CFIIRE1I  *  0.115269  RilHURA  •  0.STT32  H*/HI  •  16.6359  HAW/HI  *  AA.8492 


SKIN  FR1CTIUN  UATA 


SURF  NO. 

TVPt 

method 

S  NET 

IENGTH 

ALPHA  C 

NEOGE 

ANGLE (21 

RE  LUC 

CHI  BAR 

V  BAR 

LAM 

CF 

CA 

CN 

SUM  CA 

SUM  CN 

IN 

TW/T 

TW/Tk 

RE*/FT 

CO 

CF/CFO 

TUR8 

CF 

CA 

CN 

SUP  CA 

SUM  CN 

Tw 

TW/T 

TN/TR 

RE*/FT 

CD 

CF/CFO 

MACH 

V 

V  SUUNU 

P-PSF 

TEMP-K 

RHO*  10**4 

VIS*IO**F 

RE/FT 

C  STAR 

C 

V  STAR 

1 

1 

2 

74. 

16.0 

0.0 

0.0 

18.07 

6.63BE  05 

7.794 

0.0214 

lam 

0.01122 

o.u 

U.O 

0.0 

0.0 

1970.7 

4.3124 

0.067B 

1.3TIE  04 

0.0 

1.0639 

TUR8 

0.01112 

0.0 

0.0 

0.0 

0.0 

2265.5 

4.9375 

0.0742 

2.477E  05 

0.0 

1.0000 

STREAM 

19.08449 

1999V* 9 

1047.97 

0.4134 

456.99 

0.0052696 

3. 387647 

3.II6E  04 

3.428E-01 

6.276E-01 

0.0158 

LOCAL 

5.99  746 

10667. C 

3145.94 

21.5  763 

4118.44 

U.03U5201 

I3.R97570 

4.143F  04 

HYPERSONIC  ARB 1 1  KARY-dOllY  PRCGRAP,  MAUK  III  KOO  0 

CASE  67  PAGE  41 

LAMINAR  SKIN  FRICTION  **BOUY  SURFACES*** 

FREE  STREAM  CUNOITIUNS 

ALPHA  •  IS. 00  MACH  •  19. OB  VtLflCIIY  •  19999.9  ALTITUDE  »  200000.0 

HE/FI  •  3. 1  lot  04  S  REF  •  152.0 

NN*  S  RIAL  GAS,  RFF.  H/S-L  SPIJTION. 

RT*  I  TvtU  •  1970. 7K  CFl  •  0.19SS4BF-02  CF1CRU)  ■  2.794593  ROMURA  *  21.09767  H*/M1  •  >6.6359  HAU/H1  •  63.6403 

KI*  0  1*10  •  2265.SK  CFl  •  0.835779r-C?  CF1IRE1I  •  0.115269  ROMURA  •  0.57737  H*/Ht  *  16.6359  HAW/HI  •  66.8492 


SRIN  FRICTION  DATA 


SURF  NO. 

IVPL 

NE1HCC 

S  WET 

length 

ALPHA  0 

WEDGE 

ANGLE  121 

RE  LOC 

CHI  8AR 

V  BAR 

LAM 

IF 

CA 

CN 

SUM  CA 

SUM  CN 

IN 

TW/T 

TN/TR 

RE*/FT 

CO 

CF/CFO 

TUR8 

CF 

CA 

CN 

SUM  CA 

SUM  CN 

TW 

fM/f 

tw/tk 

Rt*/FT 

CD 

CF/CFO 

MACH 

V 

V  SuUNO 

P-PSF 

1EMP-K 

HHU*10**4 

VIS*I0»*7  RE/FT 

C  STAR 

C 

V  STAR 

1 

1 

2 

24. 

16.0 

0.0 

0.0 

18.02 

6.638F  05 

T.T94 

0.0214 

LAM 

0.01122 

O.U 

0*0 

0.0 

0.0 

1970. 7 

4.3124 

0.U67B 

I.3T1E  04 

0.0 

1.0639 

TURB 

0.01112 

0.0 

0*0 

0.0 

0.0 

7265.5 

4.9373 

0.0742 

2.4TTE  05 

0.0 

1.0000 

STREAM 

19.08449 

19999*9 

low. 97 

0.4134 

456.99 

0.0057696 

3.382647 

3.1I6C  04 

3.428E-0I 

6.276E-0I 

0.0158 

LOCAL 

5.99746 

I H  Hfr  7  •  6 

31«!>.94 

71.5763 

4118.44 

0.0303701 

13.897370 

4.143E  U4 

B~34 


HYPERSONIC  APE  I TR ARY- BOOV  PROGRAM,  NAHA  III  MOO  0 
CASE  AT 


LAMINAR 

SKIN  FRICTION  ••BODY 

SURFACE 

MACH- 

19.014  VEL»  19999. 

9  FT/SEC 

KE/FT  • 

0.91197E 

ALT  • 

200000. 

S  REF 

•  152.00 

SPAN  • 

8.90  MAC  -  90 

.00 

R  CG 

•  -IB. AO 

V  CG  • 

0.0  l 

CG  -  1. 

.00 

FORCE  OATA 

ALPHA 

C  0 

C  L 

C  A 

c  r 

c  N 

BETA 

I/O 

C  * 

C  IL 

C  IN 

C  F 

CY  I 

CLN  a 

CLL  9 

9.00 

0.00149 

-0.00029 

0.00442 

0.0 

0.00049 

0.0 

-0.02971 

-0.00022 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7.00 

0.00049 

-0.00098 

0.00449 

0.0 

0.00040 

0.0 

-0.00707 

-0.00027 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10.00 

0.00929 

-0.00112 

0.00911 

o.o 

0.00091 

0.0 

-0. 12091 

-0.00094 

0.0 

0.0 

0.0 

-0.00011 

0.00004 

0.00001 

12.00 

0.00944 

-0.00190 

0.00974 

0.0 

0.00094 

0.0 

-0.19971 

-0.00041 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

19.00 

0.01007 

-0.00211 

0.01020 

0.0 

0.00097 

O.Q 

-0.20979 

-0.00049 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

19.00 

0.01004 

-0.00211 

0.01026 

0.0 

0.00057 

0.0 

-0.20944 

-0.00049 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

THESE  DATA  HAVE  BEEN  SAVEO  FUR  SUMMATION 


PACE  4* 


CONTROL  DATA 


K 

IMPACT 

ETAC 

IMPACI 

OFITA  E 

0/Q  INF 

1  SHAD 

ENPM 

ISHAOI 

2.00000 

1 

1.0000 

0 

o.o 

l. 00000 

1 

1.0000 

0 

2.00000 

1 

1.0000 

0 

0.0 

i. ooooo 

l 

1.0000 

0 

2.00000 

1 

1.0000 

0 

0.0 

l. ooooo 

1 

1.0000 

0 

2.00000 

1 

1.0000 

0 

0.0 

l. ooooo 

1 

1.0000 

0 

2.00000 

1 

1.0000 

0 

0.0 

l. ooooo 

1 

1.0000 

0 

2.00000 

1 

1.0000 

0 

10.00 

1.00000 

1 

1.0000 

0 

HYPERSONIC  ARBITRARY-BODY  PROGRAM,  MARK  I  I  I- MOO  0 

CASE  AT  PAGF  4) 

INVISCIO  PLUS  BOOT  SURFACES  SKIN  FRICTION 

MACH-  14.014  VEl-  14444,4  FT/SEC  RE/FT  •  0. JUSTE  OS 

ALT  •  200000. 

S  REF  »  1S2.00  SPAN  •  S.SO  MAC  •  30.00 

R  CG  •  -IB. AO  Y  CG  •  0.0  2  CG  •  1.00 


FORCE  DATA 


ALPHA 

BETA 

C  0 

I/O 

cr  i 

C  L 

C  M 

CLN  B 

C  A 

C  LL 

CLL  B 

c  y 

C  LN 

C  N 

C  F 

5.00 

0.0 

0.01A40 

l.OBJJS 

0.0 

0.01777 

-0.00044 

0.0 

0.01479 

0.0 

0.0 

.  0.0 

0.0 

0.01919 

0.0 

7.00 

0-0 

0.014S2 
2. 14445 
0.0 

0.04204 

-0.00090 

0.0 

0.01414 

0.0 

0.0 

0.0 

0.0 

0.04490 

0.0 

10.00 

0.0 

0.024BS 

2.E4A23 

-O.OOSOl 

0.00499 

-0.00080 

-0.00044 

0.01444 

0.0 

-0.00012 

0.0 

0.0 

0.00009 

0.0 

12.00 

0.0 

0.04111 

2.ET100 

0.0 

0.11009 

-0.00190 

0.0 

0.01999 

0.0 

0.0 

0.0 

0.0 

0.12401 

0.0 

IS. 00 
0.0 

0.0BI4S 
2. BESTS 
0.0 

0.17142 

-0.00912 

0.0 

0.01799 

0.0 

0.0 

0.0 

0.0 

0.10292 

0.0 

IS. 00 
0.0 

O.OT133 

2.54SSA 

0.0 

0.10999 

-0.00847 

0.0 

0.02092 

0.0 

0.0 

0.0 

0.0 

0.19750 

0.0 

K 

CONTROL  OATA 
IMPACT  ETAC 

IMPACI 

OELTA  E 

Q/Q  INF 

ISHAO  ENPM 

ISHAOI 

2.00000 

t  1.0000 

0 

0.0 

1 • OOOOO 

i  l.ooon 

0 

2.00000 

1  t.0000 

0 

0.0 

1.00000 

1  1.0000 

0 

2.00000 

1  1*0000 

0 

0.0 

1.00000 

i  l.oooo 

0 

2.00000 

1  1.0000 

o 

0.0 

l. OOOOO 

t  1.0000 

0 

2.00000 

1  1.0000 

0 

o.o 

1 • OOOOO 

i  l.oooo 

0 

2.00000 

9  1.0000 

0 

10.00 

l . ooooo 

1  1.0000 

0 

THESE  OATA  ARE  THE  SUMMATION  OF  II  COMPONENTS  PREVIOUSLY  SAVEO 


B-35 


SECTION  • 


IS. Ill 
2. SOt 


total  nunma  op  elements 


i 


TOTAL  AREA  Of  INPUT  ELEMENTS  • 


TOTAL  VOLUME  Of  INPUT  ELEMENTS 


HYPERSONIC  ARfttTR ARY- SOOT  PROGRAM,  MARK  III  MOO  0 

CASE  AT  RAGE  AA 

LAMINAR  SKIN  fRICTION  ••VERTICAL  TAIL** 

MACH-  If.OtA  VEL*  19444.4  fT/SEC  RE/fT  •  O.SI1STE  OS 
ALT  •  200000. 

S  REP  ■  1S2.00  SPAN  •  1.10  MAC  •  SO.  00 


ICC  •  -It. AO 

PORCE  OATA 

V  CO  ■ 

0.0  l 

CG  - 

1.00 

CONTROL  OATA 

ALPHA 

C  0 

C  L 

C  A 

C  V 

C  N 

*- 

IMPACT  ETAC 

1NPACP 

DELTA  C 

•ETA 

L/0 
cv  ■ 

C  N 

CLN  • 

C  U 
CLl  t 

C  IN 

C  P 

a/e  imp 

ISHAO  ENPN 

1SHA0I 

S.00 

o.ouots 

u.oouoo 

O.OOOtl 

0.0 

0.00007 

2.00000 

1  1.0000 

0 

0.0 

0.0 

0.00000 

0.0 

o 

o 

oo 
•  • 
oo 

0.0 

0.0 

0.0 

0.0 

O.ASOOO 

1  1.0000 

0 

T.00 

0.0001T 

0.00000 

0.00037 

0.0 

0.00005 

2.00000 

1  1.0000 

0 

0.0 

0.0 

0.00000 

0.0 

0.00004 

0.0 

0.0 

0.0 

0.0 

0.0 

O.SIOOO 

1  t.ooou 

0 

10.00 

0.00000 

0.0 

0.00004 

0.0 

0.00002 

2.00000 

1  1.0000 

0 

0.0 

0.0 

0.0 

0.0 

0.00001 

0.00000 

0.0 

-0.00000 

0,0 

0.0 

0.07S00 

l  i.oooo 

0 

12.00 

o.oooos 

-0.00000 

o.oooos 

0.0 

0.00001 

2.00000 

1  1.0000 

0 

0.0 

0.0 

-0.00000 

0.0 

0.00000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.04100 

1  1.0000 

0 

IS.00 

0.00001 

0.00000 

0.00001 

0.0 

0.00000 

2.00000 

1  1.0000 

0 

0.0 

0.0 

0.00000 

0.0 

0.00000 

o.o 

0.0 

0.0 

0.0 

0.0 

0.01100 

1  1.0000 

0 

IS.00 

0.00001 

0.00000 

0.00001 

0.0 

0.00000 

2.00000 

l  i.oooo 

0 

0.0 

0.0 

0.00000 

0.0 

0.00000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.01100 

1  1.0000 

0 

THESE  OATA  HAVE  SEEN  SAVEO  fOR  SUMMATION 


HYPERSONIC  ARAI TAARV-IOOY  PROGRAM,  NARK  III  MOO  0 

CASE  AT  PAGE  AS 

1NVISCI0  PLUS  LAMINAR  ERIN  fRICTION 

MAC  Ha  10.0SA  VEL*  IAAGA.A  PT/SEC  RE/PT  •  0.S11STE0S 
ALT  a  200000. 


S  REP  •  1S2. AO 

SPAN  a 

1.10  MAC 

■ 

10.00 

1  CR 

a  -It. AO 

V  CO  • 

0.0  2  to  • 

1.00' 

PERCE  OATA 

CONTROL  OATA 

ALPHA 

C  0 

C  L 

C  A 

C  V 

C  H 

K 

IMPACT  ETAC 

tMPACI 

DELIA  E 

•ETA 

I/O 

C  N 

C  LI 

C  IN 

C  f 

Q/Q  IMP 

ISHAO  ENPN 

ISHAOI 

CV  0 

CLN  • 

CLL  1 

1.00 

0.01T2S 

0.01TTT 

0.01942 

0.0 

0.01426 

2.00000 

1  1.0000 

0 

0.0 

0.0 

1 .01102 

-0.00019 

0.0 

0.0 

0.0 

0.44000 

l  1.0000 

0 

0.0 

0.0 

0.0 

T.OE 

0.01440 

0.04214 

0.01491 

0.0 

0.044 49 

2.00000 

l  1.0000 

0 

0.0 

0.0 

2.19120 

-0.00044 

0.0 

0.0 

0.0 

O.SIOOO 

1  1.0000 

0 

0.0 

0.0 

0.0 

10.00 

0.02444 

0.00449 

0.01471 

0.0 

O.OtltA 

2.00000 

1  1.0000 

0 

0.0 

0.0 

2.S1TA2 

-0.00074 

0.0 

0.0 

0.0 

0.0  TWO 

1  1.0000 

0 

•0.00901 

-0.00044 

-0.00012 

12400 

0.04114 

0.11E01 

0.01990 

o.o 

0.12402 

2.00000 

1  1.0000 

0 

0.0 

o.o 

2.EAT99 

-0.00190 

0.0 

0.0 

0.0 

0.04100 

1  1.0000 

0 

0.0 

0.0 

0.0 

IS.00 

0.04144 

0.17142 

0.01714 

0.0 

0.11211 

2.00G00 

1  1.0000 

0 

0.0 

0.0 

2.AS121 

-0.00112 

0.0 

0.0 

0.0 

0.01100 

1  1.0000 

0 

0.0 

0.0 

0.0 

10.00 

0.0T114 

0.IE119 

0.02044 

0.0 

0.19790 

2.00000 

1  1.0000 

0 

10.00 

0.0 

2.14E0T 

-0.00147 

0.0 

0.0 

0.0 

0.01100 

1  1.0000 

•  0 

0.0 

0.0 

0.0 

THESE  OATA  ARE  THE  SUMMATION  OP  12  COMPONENTS  PREVIOUSLY  SAVEO 


B-36 


sccrioN 

•SF 

TUTAL  AREA 

UF 

INPUT 

CLEMENTS 

a 

21.441 

TOTAL 

NUMBER 

UP 

EltNENTS 

a 

1 

TOTAL  VOLUNfc 

OF 

INPUT 

ELEMENTS 

a 

0.0 

SECTION 

•SF 

TUTAL  AREA 

UF 

INPUT 

ELEMENTS 

37.441 

TOTAL 

NUMBER 

OF 

ELEMENTS 

a 

2 

TOTAL  VOLUNt 

UF 

INPUT 

ELEMENTS 

0.0 

SECriON 

•SF 

TUTAL  AAtA 

OF 

INPUT 

ELENENTS 

79.il! 

TOTAL 

NUN.EA 

OF 

ELEMENTS 

3 

TOTAL  VOLUME 

OF 

INPUT 

ELEMENTS 

0.0 

SECTION 

•SF 

TUTAL  AREA 

OF 

INPUT 

ELENENTS 

9b* 132 

TOTAL 

NUMBER 

OP 

elements 

4 

TOTAL  VOLUME 

OF 

INFUT 

ELEMENTS 

64.3*4 

SECTION 

•SF 

TUTAL  AREA 

UF 

INPUT 

ELEMENTS 

UJ.IS* 

TOTAL 

NUMBER 

OP 

elements 

9 

TOTAL  VOLUME 

UF 

INPUT 

ELEMENTS 

71. 014 

SECTION 

•SF 

TOTAL  AREA 

OF 

INPUT 

FLEMENTS 

139.049 

TUTAL 

NUMBER 

OP 

ELEMENTS 

* 

TOTAL  VOLUME 

OF 

INPUT 

elements 

I2.0AS 

SECTION 

•SF 

TOTAL  AREA 

OF 

INPUT 

ELEMENTS 

149.131 

TOTAL 

NUMBER 

OF 

ELEMENTS 

? 

TUTAL  yULUMfc 

OF 

INFUT 

ELEMENTS 

125.1)3 

SECTION 

•SF 

TOTAL  AREA 

UF 

INPUT 

FLEMENTS 

o 

203.999 

TOTAL 

NUMBER 

OF 

ELENENTS 

a 

B 

TOTAL  VOLUME 

UF 

INPUT 

ELEMENTS 

144.144 

SECTION 

•  SF 

TUTAL  AREA 

UF 

INPUT 

ELEMENTS 

230.435 

TOTAL 

NUMBER 

or 

ELEMENTS 

a 

9 

TOTAL  VUIUME 

»*•*«« 

OF 

INPUT 

ELEMENTS 

194.144 

♦ 

HYPERSONIC  JUtBITRARV-BOOY  PROGRAM,  NARK  III  HOI)  0 

CASE  AT  PAGE  4A 

INOUCEO  PRESSURES  •♦•BOOT  SURFACES** 

MACH*  19.004  VEL-  14999.9  FT/SEC  RE /FT  -  0.  JUSTE  OS 

ALT  •  100000, 

S  REP  •  IS2.00  SPAN  •  A.  JO  MAC  -  JO. 00 


X  CC  •  -18.40 

FORCE  ORTA 

V  CG  • 

0.0  l 

CG  • 

1.00 

CONTROt 

OAT  A 

ALPHA 

C  0 

C  L 

C  A 

C  Y 

C  N 

K 

IMPACT 

ETAC 

IMPACI 

DELTA  E 

•ETA 

L/D 

CV  B 

C  M 

CLN  B 

C  LL 
CLL  B 

C  LN 

C  F 

0/0  INF 

IS  Ft  AO 

FNPN 

ISM40T 

9.00 

0,00144 

0,00109 

0,00134 

0,0 

0.00121 

2.00000 

17 

l.oooo 

0 

O.o 

0,0 

0 ,79003 
0,0 

-0,00003 

0.0 

0.0 

0.0 

0.0 

0.0 

1 . 00000 

10 

1.0000 

0 

7,00 

0,00191 

0.00174 

0,00129 

0.0 

0.00191 

2 .00000 

17 

1.0000 

0 

n.n 

0,0 

1,14900 

0,0 

-0,00010 

0.0 

0.0 

0,0 

0.0 

0.0 

1. ooooo 

10 

1.0000 

0 

10,00 

0.00149 

0,00292 

0.00119 

0,0 

0.00277 

2.00000  . 

17 

1.0000 

0 

o.o 

0,0 

1,92449 

-0.00019 

-0.00019 

-0.00004 

0,0 

0.00001 

0,0 

0.0 

1 . ooooo 

10 

1.0000 

0 

12,00 

0,00174 

0,00293 

0,00111 

0,0 

0.0032 J 

2.00000 

17 

l.oooo 

0 

0.0 

0,0 

1,44743 

0.0 

-0.00023 

0.0 

o  o 

O  o 

0.0 

0.0 

i.ooooo 

10 

l. >ooo 

0 

19,00 

0,00199 

0,00390 

0.00090 

0.0 

0.00188 

2.00000 

17 

1.0000 

0 

0.0 

0,0 

1,79194 

0.0 

*4 

O 

o 

©  O 

o  o 

1 

0,0 

0.0 

0,0 

0.0 

1.00000 

10 

1.0000 

0 

19,00 

0.00199 

0,00341 

0,00090 

0,0 

0.00)87 

2.00000 

17 

1.0000 

0 

10,00 

0,0 

1.7B7B1 

0.0 

F4A 

o 

o 

oo 
•  , 
o  o 
• 

0,0 

0,0 

0.0 

0.0 

1 . ooooo 

10 

1.0000 

0 

THESE  DATA  HAVE  BEEN  SAVEO  FUR  SUMMATION 


B-37 


PAGE  AT 


HYPS* SON 1C  AA4I  f  AAAY-  IOOY  PAOCAAM,  ft  AAA  III  MOO  0 
CAS I  AT 


INVISCIO  -  LAM.  S.P.  -  IOOT  SUAPACPS  INDUCED  PAESSUAES  , 

MACH*  19.014  VfL*  19949.9  PT/SK  AI/PT  •  0. 31I9TE  09 
ALT  ■  <90000. 


S  OOP 

•  isi.oo 

SPAN  ■ 

O.SO  MAC  • 

30.00 

I  CO 

•  -10. AO 

V  CO  • 

0.0  1 

CO  • 

1.00 

POOCE  OATA 

CONTROL 

OATA 

Aim 

C  0 

C  L 

C  A 

C  Y 

C  N 

K 

INFACT 

ETAC 

IHPACf 

OFITA  F 

SETA 

I/O 

C  N 

C  LL 

C  LN 

C  F 

Q/Q  INF 

ISHAO 

ENPM 

1 SHAD I 

CV  0 

CLN  9 

CLL  0 

9.00 

0.010AT 

0.01114 

0.01494 

0.0 

0.02041 

2.00000 

17 

1.0000 

0 

0.0 

0.0 

1.00999 

— 0.000S9 

0.0 

0.0 

0.0 

1.00000 

10 

1.0000 

0 

0.0 

0.0 

0.0 

T.00 

o.omt 

4.04491 

0.01902 

0.0 

0.04404 

2.00000 

17 

1.0000 

0 

0.0 

0.0 

2.01229 

-0.00094 

0.0 

0.0 

0.0 

1.00000 

10 

1.0000 

0 

0.0 

0.0 

0.0 

10.00 

0.09194 

0.0ET4T 

0.01992 

0.0 

0.09143 

2.00000 

17 

1.3000 

0 

0.0 

0.0 

<.TA044 

-0.00090 

0.0 

0.0 

0.0 

1.00000 

10 

1.0000 

n 

-0.00900  . 

-0.00040 

-0.00011 

. 

K.00 

0.04091 

0.11099 

0.01440 

0.0 

0.12720 

2.00000 

17 

1.0000 

0 

0.0 

0.0 

<.91049 

-O.OOITS 

0.0 

0.0 

0.0 

1.00000 

10 

1.0000 

0 

0.0 

0.0 

0.0 

19.00 

0.04941 

0.1T9K 

0.010S4 

0.0 

0.10621 

2.00000 

17 

1.0000 

0 

n.o 

0.0 

0.49490 

-0.00119 

0.0 

0.0 

0.0 

t. 00000 

10 

1.0000 

0 

0.0 

0.0 

0.0 

19.00 

0.0TK4 

0.10004 

0.02192 

0.0 

0.20117 

2.00000 

IT 

1.0000 

0 

10.00 

0.0 

2.9T499 

-0.0004S 

0.0 

0.0 

0.0 

I.’IOOOO 

10 

1.0000 

0 

0.0 

0.0 

0.0 

THOU  OATA  AAC  THE  SUMMATION  OP  IS  COMPONENTS  PAEVIOUSLY  SAVED 


SKT.ON  *  roTOTALoAA.A  OP  |NPUT  |LIM|NT,  .  19.111  TOTAL  NUM9EA  OP  ELEMENTS  .  t 


MY  PEA  SONIC  AAAITAAAY-AOOY  PAOCAAM,  MAAA  1 1 1  MOO  0 

CASE  AT  PACE  M 

IMOUCEO  PAESSUAES  PPVEATICAL  TAIL** 

MACH*  19.004  VEL"  19999.9  PT/SEC  AE/PT  •  0. SUITE  OS 
ALT  •  <00000. 


S  OOP 

•  19S.OO 

SPAN  • 

4.S0  MAC  • 

11.00 

1  C. 

■  -10.40 

V  CO  • 

0.0  2 

C6  • 

1.00 

0 

POKE  OATA 

CUNTAUI 

DATA 

ALPHA 

C  0 

C  l 

C  A 

c  y 

C  N 

A 

IMPACT 

FT  AC 

IHPACI 

DFLTA  F 

'SETA 

L/0 

C  M 

C  LL 

C  LN 

C  F 

9/0  INP 

ISHAO 

FNPH 

t SNA 01 

CV  0 

CLN  0 

CLL  1 

9.M 

0.00000 

0.0 

0.0 

0*0 

0.0 

2.00000 

IT 

1.0000 

0 

0.0 

... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.49000 

10 

1.0000 

0 

0.0 

0.0 

0.0 

ME 

0.00000 

Qv4 

0.0 

0.0 

0.0 

2.00000 

IT 

1.0000 

0 

0.0 

... 

0.0 

0.0 

0.0 

0.0 

0.0 

0.31000 

10 

1,0000 

0 

0.0 

0.0 

0.0 

M.M 

0.00000 

0.0 

0.0 

0.0 

0.0 

2.COOOO 

IT 

1.0000 

0 

0,0 

... 

0.0 

0.0 

0.0 

0*0 

0.0 

O-OTSOO 

10 

1.0000 

0 

-0.00001 

0.00901 

-0.00001 

IS. 9. 

0.00000 

0.0 

0.0 

0.0 

0.0 

2.00000 

IT 

1.0000 

0 

o.o 

... 

0.0 

0.0 

0.0 

0*0 

0.0 

0.04100 

10 

l.oooo 

0 

0.0 

0.0 

0.0 

19.0. 

0.00000 

0.0 

0.0 

0*0 

0.0 

2.00000 

IT 

i.oooo 

0 

0.0 

•.0 

0.0 

0.0 

0.0 

0.0 

0.0 

U.OIIOO 

to 

1.0000 

0 

0.0 

0.0 

0.0 

19.00 

0.00000 

0.0 

0.0 

0*0 

0.0 

2.00000 

IT 

1.0000 

0 

10,00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.01100 

10 

1.0000 

0 

0.0 

0.0 

0.0 

THOSE  OATA  HAVE  SEEN  SAVEO  FUA  SUMMATION 
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PACE  4 


HYPERSONIC  AA0ITRARV-400V  PROM  AM.  MARK  III  MOO  0 
CAM  47 

INVISCIO  RIUS  LAMINAR  MIN  FRICTION  PLUS  IMOUCIO  PRESSURES 

MACH*  19.044  m<  1*444.4  PT/SEC  RC/FT  ■  0.11II7I  04 
ALT  ■  100000. 


S  REF  ■  141.00 
R  CO  ■  -10.40 

FORCE  OATA 

SPAN  ■ 

V  CO  « 

4.20  MAC  * 
0.0  2  CS  • 

22.00 

1.00 

CONTROL 

DATA 

ALPHA 

C  0 

C  L 

C  A 

C  Y 

C  N 

K 

IMPACT 

ETAC 

IMPACI 

DELTA 

SETA 

I/O 
cv  s 

C  N 

UN  0 

C  LL 
CLL  * 

C  LN 

C  F 

0/0  INF 

IS  HAD 

ENPN 

I SHAD t 

4.00 

0.01047 

0.01404 

0.01*4* 

0.4 

0.02041 

2.00000 

IT 

1.0000 

0 

0.0 

0.0 

1.00*44 

0.0 

-0.00024 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4*000 

10 

1.0000 

0 

7.00 

0.02141 

0.04494 

0.01942 

0.0 

0.0444* 

2.00000 

IT 

1.0000 

0 

0.0 

0.0 

2.00214 

0.0 

-0.00094 

0.0 

0.0 

0.0 

0.0 

0.0 

0.21000 

10 

1.0000 

0 

10.00 

0.02144 

0.04T4T 

0.014*2 

0.0 

0.04142 

2.00000 

IT 

1.0000 

0 

0.0 

0.0 

2.74004 

-0.00421 

-0.00044 

-0.0004* 

0.0 

-0.00012 

0.0 

0.0 

0.07900 

10 

i.oooo 

0 

12.00 

0.04242 

0.12049 

0.014*4 

0.12724 

2.00000 

IT 

1.0000 

0 

0.0 

0.0 

2.01024 

0.0 

-0.001TS 

0.0 

0.0 

0.0 

0?0 

0.0 

0.04100 

10 

1.0000 

0 

14.00 

0.0*441 

0. 17912 

0.01*24 

0.0 

0.1*421 

2.00000 

IT 

1.0000 

0 

p.o 

0.0 

2.49*7* 

0.0 

-0.0021* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.01100 

10 

1.0000 

0 

14.00 

0.07224 

0.144*4 

C.02142 

0.0 

0.20127 

2.00000 

IT 

1.0000 

0 

10.00 

0.0 

2.9T490 

0.0 

-0.00*42 

0.0 

0.0 

0.0 

0.0 

0.0 

0.01100 

10 

1.0000 

0 

THESE  OAT'  ARC  THC  SUMMATION  OF  14  COMPONENTS  PREVIOUSLY  SAVED 
THESE  OATA  HAVE  SEEN  SAVED  FOR  FLOTTINO 


•*•••»*•  MAIN  FROORAN  MOM  HAS  CONTROL  OF  SYS! AM  *•••*••* 

0RAFH1C  OFT  ION  HAS  CONTROL 

OUTPUT  OATA  PLOTTER  FROORAN  MILL  SE  EXECUTED 

TAFE  10  JUST  INSTRUCTED  HE  TO  READ  *  CAROS  FROM  TAPE  4 
I  JUST  REAO  0  CAROS  FROM  TAPE  4 

JUST  FINISHED  FLOTTIHO  ALL  SORTS  OF  00001  El  ON  TAFE  1*.  IF  ALL  COES  HELL.  YOU  SHOULD  SET  SONS  RESULTS  FROM  THE  SC-4010. 


•*4*4*«*  MAIN  PROGRAM  NON  HAS  CONTROL  OF  SYSTEM  *••••••• 


•••**  PRQGI 


ICMEC  NORMAL  TERMINATICN  •••••* 


TVPICAl  HIM  L/9 


I  CAW  AlftM  A 


H>r 
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FITCNIM 
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APPENDIX  C 


SAMPLE  INPUT  SHEETS  AND  INPUT  DATA  CHARTS 

Tnifi  appendix  contains  samples  of  all  the  program  input  sheets  and  the 
input  data  charts.  These  sheets  are  printed  on  fold  out-pages  and  located 
at  the  back  of  the  report  so  that  they  may  serve  as  a  ready  reference  when 
reading  the  detailed  program  input  instructions.  These  pages  also  contain 
very  condensed  versions  of  the  input  instructions.  These  condensed  instruc¬ 
tions  should  only  bd  used  as  references  by  the  experienced  program  user 
and  should  not  be  relied  upon  by  someone  new  to  the  program. 

This  section  of  the  report  also  contains  input  data  charts  for  each  of  the 
major  program  phase  options.  These  charts  should  also  be  folded  out  and 
used  vhen  studying  the  detailed  input  instructions. 


O 


C-l 


ELEMENT  DATA  TITLE  CARD  (TYPE  1) 


cc  60 

ISDN 

-  0 

Don't  Sum  or  Sava 

-  3 

Sue,  print,  rewind 

-  1 

Sava  data 

-  4 

Sum,  print,  backspace 

-  2 

Sum,  print,  no  rawlnd 

-  5 

Sum,  print,  rewind,  write  sumeatlon 

cc  (1 

IREW8 

-  0 

No  rawlnd 

■  1 

Rewind 

cc  63 

IPS 

■  0 

Oon't  sava  plotting  data 

«  1 

Save  plotting  data  for  SC-4020 

cc  64 

IABDOT 

«  0 

No  a-4  cards 

-  1 

Input  d-4  cards 

cc  65 

IVECT 

■  0 

No  thrust  vac  tor  data  cards 

-  1 

Input  thrust  vector  data  cards 

ELEMENT  DATA  CONTROL  CARO  (TYPE  2) 

CC  1 

PRINTS 

•  0 

No  print 

«  1 

Print  element  characteristics 

cc  3 

SYMFCT 

-  0 

(or  «2)  X-Z  Plana  symmetry 

-  3 

X-Z  end  X-Y  Plane  symmetry 

- 1 

No  syimaetry 

cc  4 

IORIEN 

■  0 

Normal  mode 

-  2 

Skip  1st  oolnt  In  right  row  of  each  strip 

- 1 

Straamwlsa  strips 

-  3 

Skip  1st  point  In  left  row  of  each  strip 

cc  5 

I  FACT 

■  0 

No  scale  factors 

-  1 

Use  scale  Vectors 

cc  60 

IGEOM 

-  0 

Surface  el  aments 

-  2 

Parametric  cubic 

•  1 

Ellipse  geometry 

-  3 

Ouaey  option 

cc  61 

ITAPE 

-  0 

Read  tape  5  (normal  mode) 

»  3 

Rewind  8,  reed  5,  write  on  8 

- 1 

Rewind  8  and  read  8 

«  4 

Read  5,  write  on  8 

-  2 

Read  tape  8 

m  $ 

Do  not  read  surface-el ament  data 

CC  62 

IGTYPE 

-  0 

Geometry  for  pressures 

■  2 

Skin-friction  geometry  data 

» 1 

Control  surface  data 

-  3 

All -movable  control  surface  geometry  data 

CC  63 

IELOV 

-  0 

Calculate  quadrilaterals 

-  1 

Do  not  calculate  quadrilaterals 

FORCE  DATA  TITLE  CARO  (TYPE  8) 

CC  60 

IRET1 

■  0 

Flight  Condition  Card  next 

-  1 

Element  Data  Title  Card  next 

FLIGHT  CONDITION  CARO  (TYPE  9) 

cc  45 

IPS 

-  0 

Oon't  sava  plotting  data 

-  1 

Save  plotting  data  for  SC-4020 

cc  48 

ITYP13 

■  0 

No  Type  13  cards 

«  1 

Type  13  cards  Input 

cc  53 

IABDOT 

-  0 

No  4-4  cards 

-  1 

Input  i-B  cards 

cc  54 

IVECT 

■  0 

No  thrust  vector  data  cards 

■  1 

Input  thrust  vector  cards 

cc  60 

LAST 

■  0 

Element  Data  Title  Card  next 

-  1 

Force  Data  Title  Card  next 

(action  after  force  calculations  are  completed) 

cc  61-62 

NAB 

■ 

Number  of  Flight  Attitude  Cards  (max.  of  20) 

cc  63 

NOAB 

-  0 

Type  12  cards  are  Input 

»  1 

Type  12  cards  are  not  Input  (use  previous  set) 

cc  64-65 

NS 

■  0 

Number  of  skin-friction  cards 

CENTER  OF  GRAVITY  CARD  (TYPE  10) 

Must  follow  each  Flight  Condition  Card 


ELEMENT  DATA  CARD  (TYPE  3) 


-2  First  point  of  new  section 

ctatt  "1  First  point  of  new  n-llne  'except  first  n*11ne  of  section) 
>3  Last  point  of  component  or  vehicle 
■0  All  other  points 


ELLIPSE  GENERATION  CONTROL  CARD  (TYPE  4) 


cc  60  OISCON  -0  e0  an'i  et  same  for  each  section; 

cc  61  IPTINT  «0  Do  not  print  data;  ■!  Print 


ELLIPSE  GENERATION  DATA  CARD  (TYPE  5) 


9%  same,  e0  varies;  >2  e0  same,  et  varies 


cc  60  LAST  »0  Not  last  cross-section,  set  STATT-0; 

■1  Last  cross-section,  set  last  STATT-0,  write  EOF,  expect  Force  Title  to  return, 

■2  Last  cross-section  for  section  or  component,  set  STATT*0,  read  new  ellipse  control  card; 
■3  Last  cross-section,  set  last  STATT-3,  write  EOF,  backspace  to  start  of  component; 

*4  Last  cross-section,  set  last  STATT-3,  write  EOF,  don't  backspace 


PARAMETRIC  CUBIC  TITLE  CARD  (TYPE  6) 


cc  50*52 
cc  54*56 
cc  60 


cc  61 
cc  62 


NOU 

NOW 

LAST 


ISOVR 
I PRINT 

I 


Number  of  elements  In  U  direction 
Number  of  elements  In  W  direction 

-0  Not  last  patch,  set  last  STATT-0,  read  new  patch  data  (no  new  title  card); 

-1  Last  patch,  set  last  STATT-O,  write  EOF,  return  to  surface  data  routine; 

■2  Not  last  patch,  set  last  STATT-O,  read  new  patch  data  (new  title  card  next); 
-3  Last  patch,  set  last  STATT-3,  write  EOF  on  Tape  8,  backspace 
-4  Last  patch,  set  last  STATT-3,  writ?  EOF  on  Tape  8,  don't  backspace 
-0  Status  flag  set  by  last  In  cc  60;  -1  Last  STATT-0  regardless  of  Last  In  cc  60 
-0,  do  not  print  data;  -1,  print 


PARAMETRIC  CUBIC  BOUNDARY  DATA  (TYPE  7) 


cc  31 
cc  62 


-2  First  point  of  new  patch 
-1  First  point  of  boundaries  2,  3  and  4 
-3  Last  point  of  boundary  4 
-0  All  other  points 


SKIN  FRICTION  DATA  CARO  (TYPE  11) 


cc  1-2 

“l.l 

cc  3 

ISI,2 

cc  4 

ISI,3 

cc  5 

ISI.4 

cc  6 

ISI,5 

cc  7 

ISI.6 

cc  8 

ISI,7 

cc  9 

ISI,8 

cc  10 

ISI,9 

-  1  to  10,  Surface  number 

-  0  Oblique  shock 

-  1  Tangent-cone 

*  1  Upper  surface  \  Oblique  shock  or  tangent-cone  in 

>  2  Lower  surface  f  compression  and  Prandtl-Meyer  In  expansion 

-  3  Upper  surface  1  Oblique  shock  or  tangent-cone  In  compression 

>  4  Lower  surface  f  and  Newtonian  *  Prandtl-Meyer  In  expansion 

-  5  Upper  surface  1  Newtonian  +  Prandtl-Meyer  In  both 

-  6  Lower  surface  f  compression  and  expansion 

-  0  Use  turbulent  skin-friction  data  In  summation  with  pressure  forces 

-  1  Use  laminar  skin-friction  data  In  sumnatlon  with  pressure  forces 

-  0  Use  a  (Mode  2  only) 

»  1  Don*t  use  a  (Mode  2  only) 

-  0,  3,  6,  8  Calculate  equilibrium  wall  temperature 

-1,4  Set  wall  temperature  to  adiabatic  wall  temperature 

-  2,  5,  7,  9  Use  input  wall  temperature 

-  0  Do  not  print  average  skin-friction  data 

>  1  Print  ( recommended  option) 

-  0  Do  not  print  flow  characteristics 

-  1  Print  flow  characteristics  (recommended  option) 

-  0  Oo  not  print  Iteration  or  local  skin-friction  results 

-  1  Print  Iterations  for  wall  temperature  and  final  local  skin-friction  data 
■  2  Print  final  local  skin-friction  data 


cc  26-30  ETAC 
cc  36-40  QQINF 
cc  41-42  IMPACT 


FLIGHT  ATTITUDE  CARD  (TYPE  12) 

cc  13-18  CPSTAG  Modified  Newtonian  correlation  factor  (K) 

Prandtl -Meyer  expansion  correction  factor  (usually 
Dynamic  pressure  correction  factor  (usually  ■  1.0) 
Impact  pressure  calculation  method 

-  1  Modified  Newtonian 

■  2  Modified  Newtonian  +  Prandtl -Meyer 

■  3  Tangent-wedge  (shock  tables) 

■  4  Tangent-wedge  empirical 

■  5  Tangent-cone 

■  6  OSU  blunt-body  empirical 

-  7  Van  Dyke  Unified 

■  8  Blunt-body  skin  friction 

■  9  Shock-expansion 
Shadow  pressure  calculation  method 

■  1  Newtonian  (CD  -  o) 

■  2  Modified  Newtonian  +  Prandtl -Meyer 

■  3  Prandtl-Meyer  from  free-stream 

■  4  OSU  blunt-body  empirical 

■  5  Van  Dyke  Unified 
IDERIV  Derivative  flag 

■  0  No  stability  derivatives 
*  1  a  derivatives 

■  2  a  derivatives 
3  (reserved  for  roll  derivatives) 

0  Do  not  print  detailed  element 

force  contributions 
0  Do  not  print  detailed  shock- 
expansion  calculations 


CC  43-44  I SHAD 


cc  45 


cc  46 
cc  47 


PRINT 

IPRINT 


1.0) 


10  Free-molecular  flow 

11  Input  pressure  coefficient 

12  Hankey  flat-surface  empirical 

13  Delta-wing  empirical 

14  Dahlam-Buck  empirical 

15  Blast  wave 

16  Modified  tangent-cone 

17  Boundary  layer  Induced  pressures 

6  Hlgh-Mach  base  pressure  (Cp  -  -  1/M?) 

7  Shock-expansion 

8  Input  pressure  coefficient 

9  Free-molecular  flow 

10  Boundary-layer  Induced  pressures 


Control -surface  derivatives 
Dynamic  derivatives  In  pitch 
Dynamic  derivatives  In  yaw 


1  Print 


1 


CC  49-50  IMPACI 
CC  51-52  ISHADI 


Print  (recommended  option  for  at  least 
one  angle  of  attack) 


Method  to  be  us *d  on  1st  element  for  shock-expansion  calculations  (In  compression) 

-  3  Tangent-wedge  -  5  Tangent-cone  -  13  Delta-wing  empirical 

Method  to  be  used  on  1st  element  for  shock-expansion  calculations  (In  expansion) 

-  3  Prandtl-Meyer  expansion 


*«  H**mn**i*m 


PLUNGE  DERIVATIVE  DATA 


Type  14  Card 

cc  1  IPART  »1  Wing  «2  Body  “3  Tall 


pe  15  &  17  Card 


cc  61 


*1  Kew  Input 
•3  Rectangle 


■1  Slender  body  theory 
■4  Triangle 


■2  Trapezoid 
■5  Trapezoid  (no  after 

body  for  wing) 


THRUST  VECTOR  DATA  CARD  (TYPE  22) 
cc  60  LAST  *0  Not  the  last  vector  card 


I  PRINT  *0  Do  not  print  thrust  vector  data 


1  Last  vector  card 
1  Print  data 


RUNG!  DCMVATIVE  DATA 


MARK  HI 


PAQi 

imkt  * 


. 


THRUST  VICTOR  DATA 


JMIM  IN 


pgg 

wm*wmmwmmiY////////////////A',\\ 

m giggMMVii!i 

i— — — —  ■ wmmmazmmzmi 
mmmwmmmmmmtmtmavil 
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ELEMENT  DATA  CONTROL  CARD  (TYPE  32) 


cc  1 

PRINTS 

■0  Don't  print  element  characteristics 

cc  3 

SYMFCT 

■1  No  symmetry 
•2  X-Z  plane  symmetry 

cc  5 

IFCT 

■0  Use  Input  geom 

cc  62 

ITAPE 

■0  Rgad  goem  from  tape  5 

cc  63 

IREW8 

■0  Rewind  tape  8 

■1  Print  element  characteristics 
■3  X-Z  and  X-Y  plane  symmetry 

•1  Use  scale  factors 
■1  Read  geom  from  tape  8 
•1  Don't  rewind  tape  8 


VIEWING  ANGLES  CARD  (TYPE  34) 


cc  34-35 

cc  37-38 
cc  41*43 
cc  44*46 
cc  48*50 
cc  51*53 
cc  55-56 
cc  57-58 
cc  60 


ISHAD 
IAREA 
I  QUAD 
I  FRAME 


MARKPT 

NG 

MG 

IG 

JG 

NXG 

NYG 

LAST 


SCALES  CARO  (TYPE  35) 


*0  Connect  all  points  *1  Connect  1-2  and  3-4 

■2  Connect  1-4  and  2-3  -3  Don't  connect 

*0  Don't  plot  reflection  *1  Plot  reflection 

■2  Plot  reflection  (1  quadrent  Input) 

*0  Don't  plot  shadow  >1  Plot  shadow 

■0  Don't  print  section  areas  on  SC-4020  *1  Print  areas 

■0  Draw  Input  elements  >1  Draw  quadrilateral  elem 

*0  Advance  frame  after  all  vehicle  elements  >1  Advance  after  each  colu 

■2  Advance  after  each  section 

■9  Hard  copy  -35  35mm  microfilm 

*0  Both 

See  Page  97 

Emphasize  Nth  Vertical  grid  i  »+  Rectangular  grid  -O  I 

Emphasize  Mth  Horizontal  grid  l  ■-  Square  grid  «-0 

Label  every  Ith  vertical  grid  line  (-0  for  no  grid) 

Label  every  Jth  horizontal  grid  line  (-0  for  no  grid) 

Number  of  characters  in  X-scale  number  labels  (-0  for  no  grid) 

Number  of  characters  In  Y-scale  number  labels  (-0  for  no  grid) 

*0  Not  last  plot  for  this  geom  *1  Last  plot  for  this  geom 


■1  Plot  shadow 
■1  Print  areas 

■1  Draw  quadrilateral  elements 
>1  Advance  after  each  column 


■35  35mm  microfilm 


{»+  Rectangular  grid 
«-  Square  grid 


"0  No  lines  emphaslld 
»-0  When  no  grid  Isised 


NOSCAL  *0  Include  grid  lines  and  scales 


■1  No  grid 


DATA  SOURCE  CONTROL  CARD  (TYPE  41) 


cc  1*4 


■0  Read  from  tapes  10  &  9 
>1  No  plotted  data 


PLOT  CONTROL  ARRAY  CARD  (TYPE  47) 


cc  1-2 

cc  3-4 
cc  6 

cc  8*10 

cc  11*13 
cc  15*17 
cc  18*20 
cc  22*25 
cc  27*29 
cc  30*32 
cc  34*36 
cc  38*39 
cc  41 
cc  43,  44 


cc  48,49 
cc  50,51 
cc  53,54 
cc  56 
cc  58,59 
cc  61 


■  Data  Id  for  x  scale 


J-i; « 

V2  CD 
1-3  Ci 


-Data  Id  for  y  scale  1-3 
>1  Advance  film,  show  frame  count 
-3  Advance,  no  frame  count 
IN  Emphasize  every  Nth  vertical  line 


•4,  Ca 
-5,  Cy 
-6,  CN 


-NC  Read  NC  data  sets  from  5 


“7*  t 

“8,  ‘■/d 

-9.  Cm 

•2  No  advance 


•10,  Ct 
-11.  Cn 
■12,  Cf 


f-»  Square  grid 
a+-  Rectangular  grid 

±M  emphasize  every  Mth  horizontal  line  (.0-  Emphasize  no  lines 
±1  label  every  Ith  grid  line  /+■  Numerical  labels  at  0  axis 

tj  label  every  Jth  grid  line  1--  Numerical  labels  outside  grid 

Number  of  points  to  be  plotted 

X  array  -plot  every  I9th  data  point  (-1,  plot  all  data  points) 

Y  array  -plot  every  fcth  data  point  (-1,  plot  all  data  points) 

Number  of  plotting  characters 
Plotting  symbol  code  (see  page  97) 

-0  Do  not  connect  plotted  points  -1  Connect  plotted  poll 

Camera  -9  Hard  copy  -35,  35mm  microfilm 

■0  Both 

-0  Stop  after  plotting  this  x-y  data  -1  Return  to  read  type 

-2  Return  to  read  type  41  -3  Return  to  read  tape 

■4  Read  tape  1 

X  scale  max  no.  of  characters  In  number  labels, 

Y  scale  Include  decimal  point,  +-F  format,  --E  format 
Number  of  type  48  cards  (max  of  64) 

■0  Do  not  write  arrays  on  tape  1  -1  Write  arrays  on  tapi 

Number  of  blocks  of  data  to  be  plotted  with  same  type  44,  45  &  46  cards 

On  I21  th  block  of  data,  Ij5  ■  I2i 


plot  all  data  points) 
plot  all  data  points) 


■1  Connect  plotted  points 
■35,  35mm  microfilm 

-1  Return  to  read  type  44*47  cards 
-3  Return  to  read  tape  10 


-1  Write  arrays  on  tape  1 


HCIUK  MAWINO  PROGRAM  DATA 


MARK  III 


MM _ 

tMRT  || 


HOMXOMTM  UM  CAROS 


o  [mm:mr.oio 


cc  60 


LAST  Termination  flag;  >0  Not  the  last  slab  delta  configuration 

■1  Last  slab  delta  completed 


SLAB  DELTA  SWEEP  CARD  (TYPE  51 ' 


cc  21 +23  THETAB  Number  of  A6  for  lower  90°  of  the  leading  edge 

cc  24-*-26  THETAT  Number  of  A6  for  top  90°  of  the  leading  edge 

cc  27+29  NOSPAN  Number  of  element  divisions  to  be  generated 

cc  30  I TOC  *0  Thickness  tables  not  Input 

*1  Input  tables 

cc  31  MODE  *1,  geometry  for  top  Inboard  leading  edge  not  generated 

*2,  basic  slab  delta  with  straight  sides  If  thickness  factors  are  used 
*3,  elliptical  top  If  thickness  factors  are  used 
cc  36  IREW8  >0  Rewind  tape  8 

«1  Do  not  rewind  8 

cc  42  I8BSP  -0  Do  not  backspace  tape  8 

■1  Backspace  8  according  to  the  data  on  8 
cc  48  IPRINT  >0  Do  not  print  generated  element  card  Images 

■1  Print  card  Images 


SLAB  DELTA  STATION  DATA  CARD  (TYPE  541 


cc  42 


IT0P  *0  Flat  top  Included 

■1  Flat  top  not  generated 

LAST  *0  Not  the  last  cross-section 

«1  Last  cross-section,  last  cross-section,  set  last  point  status  flag  »3 
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INPUT  DATA  CHART 
AERODYNAMIC  PROGRAM 
(PART  I) 


LEGEND 

r  I  >  Input  Cttd(«) 

O  ■  Program  Doclaltn  Point 
o  •  Wonrpl  Pi  op  an  Action 
■  *  Normal  Piop on  Flow 

—  — —  ■  Optional  Piopan  Flow 
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INPUT  DATA  CHART 
SLAB  DELTA  PROGRAM 


Input  Card(s) 

Program  Decision  Point 
Internal  nogram  Action 
Normal  Program  Flow 
Optional  Program  Flow 
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APPENDIX  D 


USER'S  KIT 


This  Appendix  contains  a  complete  set  of  all  the  program  input  sheets. 
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DIRECTIONS  FOR  KEYPUNCH:  DO  NOT  PUNCH  BLANK  COLUMNS  NO  UNDERPUNCHES  IN  SIGN  FIELDS. 
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DIRECTIONS  FOR  KEYPUNCH:  DO  NOT  PUNCH  BLANK  COLUMNS  NO  UNDERPUNCHES  IN  SIGN  FIELDS. 
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THRUST  VECTOR  DATA  MARK  III 


PICTURE  DRAWING  PROGRAM  DATA  MARK  III 
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SLAB  DELTA  GEOMETRY  DATA  MARK  III 


Unclassified 


Security  Classification 


DOCUMKNT  CONTROL  DATA  -  RAD 

(tHwOr  lUwMlMWgi  si  My  •!  itaiMii  and  m«MNw  mutt  St  anttrtU  nften  d*s  svsrafi  rspsrf  it  tkiiMitC 


1.  ORIQINATIN  0  ACTIVITY  fCaiporai*  author;  la.  RtRORT  atCUR'TV  C  LAtiltlC ATION 

McDonnell  Douglas  Corporation,  Douglas  Aircraft  Division  Unclassified 

3855  Lakewood  Blvd.  iassour""  . . 

Long  Beach,  California  90801 

I.  RSRORT  TITLI  " . ‘  -----  —  '  ' 

HYPERSONIC  ARBITRARY-BODY  AERODYNAMIC  COMPUTER  PROGRAM  MARK  HI  VERSION 
VOLUME  I  -  USER  S  MANUAL 


4.  DKICftlPTIVft  NOTH  (Typ*  •/  svjmH  /nehit/v* 

Final _ 

5.  AUTHORfS;  (E**7  raaia.  Mitt  namt,  initial; 

Gentry,  Arvel  E. 


April  1968 _ 

Sa.  CONTRACT  OR  SRANT  NO. 


JMRSRfS; 


A.  RROJtCT  NO. 


DAC  61552.  Vot  I 


mass 


RSRORT  NOT*;  fAnyaSiriwatm  Salaay  ttaaaiSiari 


If.  AVAIL  APIUTY/LIMITATION  UOTICSI 

Distribution  of  this  document  is  unlimited.  It  may  be  released  to  the  Clearinghouse,  Department  of 
Commerce,  for  sale  to  the  general  public. 


II.  SUff L BMf  NTARY  NOTBS 


It  IfONIORINO  MILITARY  ACTIVITY 


t^.  AMTRACT 

"  This  report  dascrlbat  a  digital  computer  program  ayatam  that  if  capable  of  calculating  the  hypertonic  aerodynamic  characteristics  of 
complex  thraadlmanalonal  shape*.  The  outstanding  feature*  of  thlo  program  are  Its  flexibility  In  covering  a  vary  wide  variety  of  problem* 
and  the  multitude  of  program  optlona  avallabla.  Tha  program  la  a  combination  of  tachnlquaa  and  capability  nacattary  In  performing  a 
eomplata  aarodynamlc  anelyah  of  hyparaonlc  shapes.  Thaaa  Includa  vahlcla  gaomatry  ganaratlon  and  daacrlptlon,  visual  graphic*  nscaaaary 
In  handling  gaomatry  data  and  In  preparing  plot*  of  tha  final  aarodynamlc  data,  aarodynamlc  calculation*  of  surface  praaaura*  and  akin 
friction  fore**,  and  tha  Integration  of  thaaa  foroa*  to  give  all  aarodynamlc  coefficient*  and  atablllty  derivative*. 

Tha  geometric  description  technique*  in  this  proaram  provide  the  capability  of  handling  completely  arbitrary  thraadlmenslonal  shapes. 
Tha  procedure  developed  to  check  the  accuracy  of  tha  geometric  data  uses  a  computer  and  automatic  recorder  to  draw  pictures  of  tha 
vahlcla  viewed  from  any  angle. 

‘  The  praaaura  calculation  method*  provided  within  tha  program  includa  modified  Newtonian,  blunt-body  Nawtonian-Prandtl-Meyar, 
tangent  wedge,  tangent-oona,  shock-expansion,  frandtl-Moysr  Sxpention,  Mast  wave,  modified  tangent-cons,  boundary-lsyar  Induced  pres¬ 
sures,  free-molecular  flow,  and  a  number  of  empirical  relationships,  Tha  prswurs  calculation  method  moat  suitable  for  sach  component  of 
tha  vahlcla  I*  specified  by  tha  aarodynamlclat.  Viscous  force*  are  slab  calculated  and  Include  vlscoua-invlscid  Interaction  affect*.  Skin  friction 
option*  Includa  tha  Reference  Temperature  and  the  Reference  Enthalpy  method*  (for  both  laminar  and  turbulent  flow),  tha  SpaldlnpChl 
method  (turbulent),  and  a  apaelal  blunt  body  skin  friction  method.  Control  aurfsc*  deflection  p retires.  Including  separation  effects  that 
may  b*  caused  by  the  deflected  surface,  art  also  calculated. 

The  program  has  been  used  to  atudy  a  wkf*  variety  of  hypersonic  vehicle  shapes  including  hypersonic  cruise  aircraft,  air-breathing 
booster  aircraft,  blunt  lifting  reentry  bodies,  high  L/O  reentry  vehicle*,  blunt  reentry  capsules,  rocket  booatare,  reentry  warheads,  and 
■tatllts  shapes. 

TIm  program  la  documented  In  two  volume*.  Volume  1 1*  primarily  a  User's  Manual,  and  Volume  II  contain*  the  Program  Formulation 
and  Listings. 
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INSTRUCTIONS 


L  QRIOINATINO  ACTIVITY:  Eatar  tho  nmee  aad  iMmi 
of  Um  contractor,  subcontractor,  grantee,  Departawat  at  Do 
fence  activity  or  ether  organisation  ( corporate  anther)  loaning 
tho  aspait* 

is  REPORT  SBCUBTY  CLASSIFICATION  Eatar  the  over- 
aU  aaaarlty  claaalltcattaa  of  tha  report.  Indicate  wBother 
"Reotrtated  Data”  la  tnclodod  Mtuhl*  U  ta  be  la  accord- 
anaa  with  appropriate  aaaarlty  rogidatloaa. 

2k.  OROUP:  Automatic  dewnarodlag  la  opacified  la  DoD  Di¬ 
rective  5300. 10  and  Anted  Forceo  Iadoatrial  Maul  Eatar 
tha  nroep  number.  Alao,  whan  arallcabla,  a  haw  that  optional 
marking*  hart  boon  aaed  far  Oraap  3  aai  Oroap  4  -aa  author- 
load. 

i  RM70RT  TITLE:  Eatar  tha  oumpltto  report  title  la  all 
capital  letter  a.  TlUaa  In  all  caaaa  should  ka  anctae  allied. 

If  a  nuanlngfol  title  caanat  ka  oeloetod  wlthaat  daaalAea- 
tlon,  ahow  UUo  clatalflcatton  la  all  aapttala  la  paraatbaala 
iatmo 4 lately  following  tha  title. 

4.  DESCRIPTIVE  NOTE*  If  appropriate,  eater  tha  type  of 

kAAAjS  m  w  |  A^waiafl  wa  Plwafl 

VwpVflf  Vs  gap  ImluMf  pivpWVi  PwMMnTr  Mm  IIIMs 

Give  tha  tnotuotve  dates  when  a  specula  reporting  porio4  la 
covered. 


5.  AUTHOR(S)c  Enter  tha  aaaw(a)  of  aathaKa)  aa  shown  aa 
or  In  the  report.  Enter  lent  haoM,  first  aataa,  middle  Initial. 

If  military,  ahow  rank  and  branch  of  service.  Tha  name  of 
tha  principal  author  la  aa  abodate  odakuum  lagairamant 

6.  REPORT  DATE:  Enter  tha  data  af  tha  report  aa  day, 
manth,  year;  or  aw  nth,  yean  If  mere  than  ana  data  appaara 
an  the  report,  uaa  data  of  publication. 

7a.  TOTAL  NUMBER  OP  PAOES:  Tha  toUd  page  count 
ohewld  follow  normal  pagination  praeadtaraa.  La.,  enter  tha 
numb  or  of  pages  containing  information. 

7k.  NUMBER  OP  REFERENCES:  Eatar  the  total  nonpar  af 
references  cited  In  tha  report. 

So.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
tha  applicable  somber  af  the  contract  or  grant  wader  which 

3r  report  was  written. 

,  SB,  hid.  PROJECT  NUMBER:  Bator  tha  appropriate 
artlltary  department  Identification,  ouch  aa  project  number, 
subproject  uaa* or,  syetem  numb  era,  task  wuwk  or,  etc 

Pa.  ORUUNATOR’S  REPORT  NUMBERfS):  Bator  tha  afft- 
rial  report  number  by  which  tha  docuamot  will  ha  identified 
and  controlled  by  tha  originating  activity.  This  number  aw  at 
ha  uatgua  ta  tide  report 

•k.  OTHER  REPORT  NUMBER'S):  If  tha  report  hao  bean 
asslgnki  aay  athor  report  aumbara  (either  ky  tfla  artglnatar 
or  ky  fka  aponeer),  alaa  enter  thla  maabeKo). 

10.  AVAILABLITYAJMTATION  NOTICES:  Eatar  aay  11m- 
Italians  on  farther  dlaeaadaatlon  of  tha  report,  other  than  these] 
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by  aaaarlty  claoaiflcaUea,  ualag 


(1)  "Qualified  ruguaatara  may  ahtalr.  eaplaa  af  thla 
report  hum  DDC" 


<2>  raportby DDC ta ** **** 

(X)  "U.  &  Oovarnmaat  ageaeieo  an  ahtaln  eaplaa  af 
thla  report  directly  Bum  DDC  Other  godlfled  DDC 
uaara  ahall  ragaaat  through 


(4)  "U. 


E  military  agoaelea  may  ahtaln  oopiaa  af  thla 
rt  directly  bom  DDC  Other  gnallflod  oaora 


(S)  "All  diatribetiea  of  thla  report  la 
tiled  DDC  uaara  ahall  ronooot  Bm 


If  tha  report  hae  bean  furnlahod  ta  the  Ottoe  af  Taaholaal 
Services,  Dopartmont  af  Cranston,  far  aalo  to  tho  piddle,  ladh 
cate  thla  fact  and  enter  tha  prtao.  If  hnewm 

IL  SUPPLEMENTARY  NOTES:  Uaa  far  additional  e*taa» 

tary  note*. 

IX  SPONSORIMO  MILITARY  ACTIVITY!  Eater  tha  name  af 
tho  departmental  protect  office  or  laboratory  spa oaa ting  fpay 
Ini  tor)  tho  reeeareb  and  davalapmanL  Inohida  aidNia 

IS  ABSTRACT:  Eamr  aa  abatract  giving  a  brief  mi  factaal 
summary  af  the  decuman!  ladle atlva  af  the  report  even  Ibaapt 
It  may  alaa  appear  alaawhara  la  Bn  body  af  tha  teehnieol  re¬ 
port.  If  additional  apace  la  lagulrod,  a  continuation  cheat  ahall 
he  attached. 

It  la  UdUr  doalrublo  that  tha  abatract  af  elaealfied  ta  parte 
ha  unclassified.  Each  paragraph  af  tha  abatract  ahall  and  with 
aa  indication  af  the  military  aaaarlty  elaaaift action  of  the  In¬ 
formation  la  tha  paragraph,  raproaoated  aa  (Tt),  (l),  (O),  or  (V). 

Theta  la  aa  llaitatlan  an  tha  length  at  tha  abatract  Maw* 
aver,  tha  auggeeted  laagth  la  from  ISO  to  235  waida. 
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